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SUMMARY 

A  research  activity  aimed  at  developing  reliable  methods 
for  predicting  the  growth  of  a  crack  in  built-up  aircraft 
structures  under  realistic  load  conditions  has  been  carried 
out  at  the  Institute  of  Aeronautics  of  the  University  of  Pi¬ 
sa  under  a  three-year  research  contract  DA  ERO-7 8-G-107 . 

This  paper  presents  the  results  obtained  in  the  course  of 
the  third  year  during  which,  altogether,  74  specimens ,  made 
of  2024-T3  aluminium  alloy,  were  tested  both  at  constant  and 
variable  amplitude  loading.  The  specimens  were  both  simple 
sheets  and  riveted  stiffened  oanels. 

The  constant  amplitude  tests  on  simple  sheet  specimens 
were  conducted  in  order  to  obtain  the  average  K-rate  relation¬ 
ship  and  the  relevant  scatter  of  the  batch  of  sheets.  The 
constant  amplitude  tests  on  stiffened  panels  were  aimed  at 
obtaining  information  on  the  overall  junction  flexibility . 

Variable  amplitude  tests  were  performed  utilizing  three 
standard  fatigue  spectra,  viz.  FALSTAFF,  MINITWIST  and  Gaussian 
random.  The  data  from  sheet  specimens  was  used  to  assess  the 
reliability  of  prediction  methods  such  as  those  devised  by 
Wheeler  and  Willenborg ,  and  the  stiffened  panels  test  data 
to  evaluate  how  these  methods  work  in  the  case  of  built-up 
structures . 

Some  general  conclusions  on  the  reliability  of  the  crack 
growth  prediction  methods  have  been  drawn  by  treating  on  a 
statistical  basis  the  data  collected  in  the  current  year,  as 
well  as  in  the  previous  year’s  research  activity. 

To  this  end  data  from  variable  amplitude  tests , irrespec¬ 
tive  of  the  type  of  spectrum  and  of  the  material,  has  been 
collected  and  analyzed  in  order  to  evaluate  in  this  respect 
the  methods  proposed  by  Willenborg  and  by  Wheeler.  The  re¬ 
sults  are  quite  interesting ,  because  they  allow  us  to  evaluate 
the  scatter  associated  with  most  of  the  parameters  involved 
in  crack  growth  predictions . 
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1  -  INTRODUCTION 

This  paper  presents  the  third  year's  results  of  an  inves¬ 
tigation  carried  out  at  the  Institute  of  Aeronautics,  Pisa 
University,  under  the  contract  DA  ER0-78-6-107 . 

The  objective  of  this  investigation  is  the  evaluation  of 
the  reliability  of  available  methods  to  predict  the  growth 
of  a  crack  in  riveted  built-up  structures  under  loading  con¬ 
ditions  representative  of  aircraft  operational  environment. 

At  present  the  available  methods  for  computing  the  growth 
of  a  crack  under  variable  amplitude  loading  are  cycle-by¬ 
cycle  procedures  based  on  constant  amplitude  "K-rate"  rela¬ 
tionships  suitably  modified  to  allow  for  the  reduced  prop¬ 
agation  rate  of  a  crack  growing  in  the  plastic  wake  created 
by  previous  peak  loads  , / 1 /  ,/2/  , / 3/ .  Such  modifications  are 
carried  out  in  essenti  al  ly  empirical  ways  and  derive  their  sub 
stantiation  mainly  on  tests  performed  on  sheet  specimens. 

To  increase  confidence  in  these  methods  as  design  tools, 
it  is  worthwhile  to  evaluate  them  further,  by  utilizing  test 
data  on  more  representative  aircraft  structures  and  load  en- 
vi ronments . 

To  this  end,  in  this  investigation,  crack  propagation 
tests  were  carried  out  on  built-up  structures  as  well  as  on 
simple  sheets  utilizing  three  types  of  spectrum  loading, name 
ly  FALSTAFF ,/4/  ,  MIN ITWI ST ,/5/ ,  and  Gaussian  random, /6/.  An¬ 
cillary  tests  at  constant  amplitude  both  on  sheets  and  stiff 
ened  panels  were  also  carried  out.  At  the  same  time  an  effec 
tive  method  to  treat  the  test  data  was  developed.  It  allows 
an  evaluation  of  the  reliability  of  the  various  approaches 
for  crack  growth  computation  taking  into  account  different 
structure  configurations  and  load  conditions. 

The  previous  two  years  research  activity  was  mainly  de¬ 
voted  to  the  implementation  of  such  a  method  by  means  of  com 
puter  programs  and  to  its  substantiation  by  means  of  test 
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da  ta , / 7 / ,/ 8/. 

As  far  as  the  crack  growth  computational  approaches  are 
concerned,  attention  was  focused  on  the  following  ones: 

-  Wheeler's  method, 

-  Willenborg's  method, 

-  Linear-cumulative  non  interactive  method. 

All  these  approaches  are  implemented  in  the  computer 
program,  CADAV./7/,  which  computes  the  number  of  flights 
necessary  to  reach  a  given  crack  length  in  a  certain  struc¬ 
ture  undergoing  a  given  spectrum  loading. 

The  assessment  of  the  reliability  of  such  computational 
procedures  was  carried  out  on  the  basis  of  a  sequence  of 
tests  performed  on  specimens  drawn  from  the  same  batch  of 
sheet,  namely 

-  simple  sheet-constant  amplitude  tests 

-  simple  sheet-variable  amplitude  tests 

-  stiffened  panel s-constant  amplitude  tests 

-  stiffened  panel s-vari abl e  amplitude  tests. 

In  particular  during  the  second  year's  research  activity 
tests  were  carried  out  with  specimens  made  of  7075-T6  alumin¬ 
ium  alloy,  utilizing,  for  variable  amplitude  tests,  the 
FALSTAFF  spectrum.  Test  data,  treated  on  a  statistical  basis, 
was  utilized  to  evaluate  the  accuracy  of  the  different  compu¬ 
tational  approaches,  and  in  the  case  of  the  Wheeler's  method, 
to  find  the  best  value  of  the  plastic  zone  parameter. 

The  entire  process  of  evaluation  strongly  depends  on  the 
accuracy  with  which  the  stress  intensity  factor  is  computed. 

The  problem  is  particularly  involved  in  the  case  of  built- 
up  structures  where  the  fastener  flexibility  and  the  friction 
between  faying  surfaces  can  have  a  significant  influence  on 
the  K  va 1 ues  . Consequently ,  a  procedure  was  envisaged  and  im¬ 
plemented  in  the  computer  program  SKESA./8/,  which  furnishes 
the  fastener  flexibility  and  friction  forces  by  suitably 


treating  crack  propagation  data  from  tests  on  stiffened 
panels  under  constant  amplitude  loading. 

The  general  conclusion  of  the  first  two  years  research 
activity  is  that  the  approach , proposed  to  assess  the  relia¬ 
bility  of  crack  growth  prediction,  apart  from  minor  improve¬ 
ment,  works  satisfactorily. 

As  a  consequence  the  third  year's  activity,  described  in 
the  present  report,  was  prevailingly  devoted  to  obtain  sys¬ 
tematic  test  data. 

To  this  end,  according  to  the  test  sequence  previously 
outlined,  crack  propagation  tests  both  under  constant  and 
variable  amplitude  loading,  were  carried  out  on  simple  sheets 
and  stiffened  panels. 

Three  types  of  spectra,  FALSTAFF,  MIKITWIST  and  Gaussian 
Random,  and  one  material  were  investigated. 

Test  data  and  relevant  treatment  allow  us  to  draw  suffi¬ 
ciently  general  conclusions  on  the  current  capability  of  pre 
dieting  crack  growth  in  a  built-up  aircraft  structure  under 
realistic  loading  conditions. 

2  -  TEST  PROGRAM  AND  OBJECTIVES 

To  reach  the  objectives  of  the  research  a  rational  se¬ 
quence  of  tests  was  devised. 

Two  types  of  specimens  were  selected,  namely  simple  sheets 
and  riveted  stiffened  panels.  Both  types  of  specimens  were 
prepared  utilizing  the  aluminum  a'.’oy  2024-T3  cut  from  the 
same  stock  of  sheets.  Certain  of  these  specimens  were  tested 
at  constant  amplitude  loading,  the  others  at  variable  ampli¬ 
tude  loading  on  the  basis  of  three  standard  load  sequences, 
namely  FALSTAFF, MINITWIST  and  Gaussian  Random, / 4 / , / 5 / , / 6 / . 

Tabs,  la  to  If  show  the  geometric  shape  and  dimensions  of 
the  specimens  together  with  initial  crack  lengths  and  the 
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relevant  load  conditions. 


The  tables  give  the  maximum  stress  and  the  stress  ratio 
for  constant  amplitude  tests;  in  the  case  of  variable  ampli¬ 
tude  loading,  the  reference  stress  in  the  spectrum  is  given. 

All  the  stiffened  panels  were  fastened  with  countersunk 
head  rivets.  The  rivets  were  hand  riveted  by  a  skilled  op¬ 
erator  in  such  a  way  that  the  driven  head  had  a  diameter  ap¬ 
proximately  equal  to  1.4^1 .5  the  shank  diameter. 


Altogether  74  specimens  were  tested,  of  which  54  under  va¬ 


riable  amplitude  loading 


The  test  program  was  completed  by  static  tests  to  obtain 
the  cr-e  relationship  with  a  view  to  a  better  characterization 
of  the  material  used  to  construct  the  specimens.  The  results 
are  shown  in  Tab.2g.  The  specimens  used  in  this  last  type  of 
test,  whose  dimensions  are  shown  in  Tab.lg,  were  cut  from 
the  specimens  utilized  for  the  crack  propagation  tests  af¬ 
ter  the  completion  of  the  tests. 

These  different  types  of  tests  were  devised  to  obtain  all 
the  significant  information  necessary  to  interpret  the  data 
obtained  by  testing  stiffened  panels  under  variable  amplitude 
loading. 

In  particular,  the  constant  amplitude  loading  tests  on  sim 
pie  sheets  were  devised  to  obtain  average  crack  growth  data 
and  the  relevant  scatter  for  the  material. 


The  spectrum  loading  tests  on  simple  sheets  were  planned 
to  obtain  a  comparison  between  different  methods  suitable  for 
predicting  the  crack  growth  under  variable  amplitude  loading. 


(°)  This  test  program  is  somewhat  reduced  version  of  the 
fairly  preliminary  test  program  outlined  in  / 8 /.  This 
reduction  was  felt  consistent  with  the  fulfilment  of  the 
research  objectives  and,at  the  same  time ,  compatible  with 
time  and  budget  restraints. 


The  methods  considered  in  the  present  investigation  are 
those  already  considered  in  the  course  of  the  first  two 
year's  acti vi ty , / 7 / » / 8/  ,  namely;  non-i nteracti ve ,Wi 1 1 enborg 
and  Wheeler  plus  a  relatively  new  method,  developed  by 
0NERA./3/,  wh_ich  is  restricted  to  FALSTAFF  spectrum. 

The  purpose  of  the  comparison  is  to  select  a  sufficient¬ 
ly  accurate  method  to  be  used  in  the  evaluation  of  crack 
growth  data  in  stiffened  panels  under  spectrum  loading. 

The  constant  amplitude  tests  on  stiffened  panels  were  de¬ 
vised  to  obtain  a  quantitative  assessment  of  fastener  flexi¬ 
bility  and  friction  forces,  together  with  the  "best"  average 
AK-rate  relationship  and  the  relevant  scatter. 

The  results  of  all  the  tests  previously  outlined, besides 
being  significant  in  themselves,  give  us  the  necessary  back¬ 
ground  for  adequately  interpreting  the  crack  growth  data  ob¬ 
tained  from  variable  amplitude  tests  on  stiffened  panels. 

All  the  results,  namely  constant  and  variable  amplitude  loading- 
sheet  and  stiffened  panel  test  data,  are  then  utilized  to  as¬ 
sess  the  capability  of  the  computational  approaches  to  pre¬ 
dict  reliably  the  crack  growth  in  typical  low-gage  aircraft 
structures . 

3  -  TEST  PROCEDURE  AND  DATA  EVALUATION 

The  specimens  were  tested  in  two  load  apparatuses,  capable 
respectively  of  +500  KN  and  +250  KN ,  each  one  composed  of  a 
rig,  plates  for  clamping  the  specimen  by  friction,  a  servo- 
controlled  hydraulic  actuator,  and  an  optical  device  for  crack 
length  measurement,  capable  of  an  accuracy  of  0.1  mm.  The  ac¬ 
tuators  are  driven  by  an  electrical  signal,  which  is  supplied 
for  constant  amplitude  tests  by  the  machine  internal  waveform 
generator  and  for  spectrum  loading  tests  by  a  process  computer. 
Digital  PDP  11/34. 
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The  load  spectra  utilized  in  the  variable  amplitude  tests 
are  three  standard  sequences:  FALSTAFF, MINITWIST  and  GAUSSIAN 
Random.  The  first  one  is  a  well-known  spectrum  for  fatigue 
evaluation  deduced  from  load  factor  histories  recorded  in 
flight  of  a  typical  fighter  aircraft.  The  sequence  is  com¬ 
posed  by  a  block  of  200  flights  of  different  length  and  sev¬ 
erity,  which  is  periodically  repeated.  In  the  spectrum  32 
different  load  levels  are  defined  and  usually  the  maximum 
stress  level  is  assumed  as  a  reference  to  characterize  the 
severity  of  the  spectrum,  as  all  the  other  levels  are  scaled 
linearly.  More  details  can  be  found  in  / 4 / . 

MINITWIST  is  a  standard  spectrum  representati ve  of  the 
load  history  of  the  wing  root  of  a  transport  aircraft.  The 


load  sequence  simulates  mainly  the  gust  loads  and  the  com¬ 
plete  spectrum  of  4000  flights  contains  10  different  types 
of  flights  of  different  severity,  according  to  the  meteoro¬ 
logical  conditions  simulated,  ranging  from  very  smooth 
flights  in  fine  weather  to  extremely  rough  flights  in  storm. 
Ground-Air-Ground  loads  and  taxi  loads  are  also  taken  into 
account.  As  a  reference  stress,  which  scales  all  the  spectrum, 
the  mean  stress  in  level  flight,  Sig,  has  been  assumed.  All 
the  details  necessary  for  the  generation  of  this  standard¬ 
ized  load  spectrum  and  a  wider  description  can  be  found  in 
/ 5/ . 

The  Gaussian  Random  spectrum  is  a  standard  sequence  of 
peaks  and  troughs,  representing  a  stationary  Gaussian  pro¬ 
cess,  obtained  according  to  the  procedure  suggested  in  / 6 / . 

It  is  character! zed  by  a  given  irregularity  factor,  i.e. num¬ 
ber  of  mean  level  crossings/number  of  peaks  (or  troughs), and 
the  total  number  of  peaks,  which  are  repeated  periodically. 
The  spectrum  used  in  the  fatigue  tests  was  characterized  by 
an  irregularity  factor  equal  to  0.7  and  a  total  of  16.000 
cycles.  The  severity  of  the  spectrum  is  defined  by  the  root 
mean  square  value  of  the  stress,  and  a  reference  value  of 
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2.5  Kg/mm2  has  been  assumed  in  the  tests;  the  spectrum  was 
superposed  to  a  mean  stress  of  7.0  Kg/mm2. 

All  the  test  data  produced  were  col  1 ected  in  the  form  of 
the  crack  length  versus  the  number  of  cycles  or  fights, 
whichever  was  appropriate.  All  the  data  were  analyzed  fol  low¬ 
ing  the  mthodologies  outlined  in  111. 

At  first,  the  a-n  data  from  the  sheet  specimens  tested 
under  constant  amplitude  loading  were  processed,  utilizing 
the  SKESA  computer  program  to  obtain  the  constants  that  de¬ 
fine  the  semiempi ri ca 1  laws  of  crack  propagation. 

The  a-F  data  from  the  sheet  specimens  tested  under  varia¬ 
ble  amplitude  spectrum  loading  were  treated  utilizing  the  re¬ 
sults  of  the  CAOAV  computer  program.  This  produces  a  predic¬ 
tion  of  the  test  results,  i.e.  the  values  of  crack  length  at 
progressive  numbers  of  flights,  according  to  the  following 
methods:  Non-interactive,  Willenborg  method  and  Wheeler  meth¬ 
od  for  different  values  of  the  plastic  zone  parameter,  m.  In 
the  case  of  the  FALSTAFF  spectrum,  the  crack  growth  predic¬ 
tion  was  calculated  also  according  to  a  method ,  deduced  from  13/ , 
which  in  the  following  will  be  called  ONERA  model.  The  pre¬ 
dictions  of  the  different  methods  are  then  evaluated  to  ob¬ 
tain  the  number  of  flights  required  for  a  crack  growth  of  a 
given  interval,  so  that,  by  means  of  a  comparison  with  the 
test  data  on  a  statistical  basis,  the  best  method  can  be  as¬ 
sessed,  i.e.  the  one  which  better  agrees  on  average  with  the 
experimental  results. 

The  a-n  data  from  built-up  specimens  tested  under  constant 
amplitude  loading  are  analyzed  to  evaluate  the  overall  junc¬ 
tion  flexibility,  characterized  by  the  rivet  flexibility  par- 
ameter,  rf  •,  and  the  da/dn  vs.  AK  relationship.  As  far  as 
the  idealization  of  the  load  transfer  pattern  from  sheet  to 


(°)  £  is  the  ratio  of  the  actual  flexibility  and  the  flexi¬ 

bility  as  computed  according  to  Swift's  formula  given 
in  Ref./?/. 
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stiffener  is  concerned,  the  program  utilized  did  not  take 
friction  into  account.  So  friction  effects  are  included  in 
the  optimum  value  of  the  rivet  flexibility  parameter,  i.e. 
the  one  which  minimizes  the  standard  deviation  between  the 
test  data  and  the  relevant  best  fit,  having  A K  been  evalu¬ 
ated  with  an  attempt  value  for  5, the  rivet  flexibility  parameter. 
On  this  subject,  a  modified  version  of  the  SKESA  computer 
program  that  improves  the  elasto-plastic  idealization  of  the 
fasteners  has  been  utilized;  a  description  of  which  is  given 
with  more  details  in  Appendix  2.  Once  the  optimum  value  of  £ 
has  been  determined,  the  da/dn-AK  relationship  relevant  to 
stiffened  panels  is  then  obtained;  it  is  found  to  be  quite 
similar  to  that  of  the  sheet  specimens. 

At  last,  the  data  collected  in  the  most  representative 
kind  of  test,  i.e.  built-up  panels  under  variable  amplitude 
loading,  is  analyzed.  The  computer  program  that  processes 
this  data  has  been  improved  on  the  basis  of  the  observation 
that  the  shape  of  the  plot  of  the  a-F  experimental  data  for 
long  cracks  is  quite  similar  to  the  one  of  the  unstiffened 
panels.  This  means  that,  under  the  action  of  the  peak  loads 
of  a  spectrum,  the  load  transfer  capability  of  the  junction 
decreases.  Improvements  have  been  introduced  in  the  CADAV 
program  to  take  into  account  this  progressive  loss  of  effi¬ 
ciency  (see  Appendix  2  for  a  more  detailed  description) .The 
following  procedure  has  been  accomplished: 

-  research,  for  the  panel  configuration  under  examination, of 
the  load  -  crack  length  combinations  for  which  yielding 
occurs  in  the  most  loaded  rivets; 

-  computation  of  the  stress  intensity  factor  for  a  given 
panel  configuration  and  efficiency,  defined  by  the  number 
of  yielded  rivets  and  the  maximum  load  supported  previously 
by  the  yielded  rivets; 

-  computation  of  cycle  by  cycle  growth  due  to  the  load  spec¬ 
trum  sequence  for  different  retardation  methods,  utilizing 
the  da/dn-AK  relationship  relevant  to  the  stiffened  panels; 
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-  comparison  of  computed  and  experimental  data,  i.e.  the  num 
ber  of  flights  necessary  for  the  crack  to  grow  a  certain 
interval,  and  selection  on  a  statistical  basis  of  the  most 
suitable  retardation  method. 

4  -  ANALYSIS  OF  RESULTS 

All  the  experimental  results  are  collected  in  Tabs. 2,  ex¬ 
pressed  in  terms  of  a-n  or  a-F,  as  appropriate  according  to 
the  type  of  loading.  All  the  data  has  been  analyzed  on  the 
basis  of  the  procedures  described  in  the  previous  section  and 
the  main  results  are  discussed  in  the  following  paragraphs. 


4.1  -  SIMPLE  SHEET-CONSTANT  AMPLITUDE  TESTS 

The  panel  geometry  and  loading  conditions  in  this  group  of 
tests  are  shown  in  Tab. la.  The  experimental  data  has  been  an¬ 
alyzed  by  means  of  a  least-squares  regression  technique  to  ob¬ 
tain  the  constants  of  the  usual  semiempi ri cal  crack  growth  laws. 

Besides  the  well-known  Forman's  law: 

da  =  C  •  AKn 
^  ( 1  - R ) Kc  -  AK 

whose  relationship  is  shown  in  Fig.l,  the  data  has  been  treated 
also  following  another  type  of  law,  namely  the  one  proposed  by 
Schijve  in  / 9 / ,  obtained  on  the  basis  of  previous  works  of 
Elber  and  Newman,  and  which,  for  the  sake  of  brevity,  will  be 
called  in  the  following  "ELNES"  law.  It  is  based  on  the  crack 
closure  concept,  that  was  proposed  first  by  Elber  in  / 1 0/ .  Ac¬ 
cording  to  this  theory,  crack  growth  occurs  only  when  the  crack 
is  fully  open,  i.e.  in  the  part  of  the  load  cycle  where  the 
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applied  stress  is  higher  than  the  crack  opening  stress.  In 
constant  amplitude  tests,  the  crack  opening  stress  is  sup¬ 
posed  to  be  related  to  the  maximum  cyclic  stress  by  means 
of  a  function  of  R,  the  stress  ratio  Smin/Smax»  so  that  the 
effective  stress  i n ten s i ty  factor  range  can  be  expressed  by: 

AKeff  =  AK  •  U(R) 

The  expression  for  U ( R )  proposed  by  Newman  / 1 1 /  on  the  ba¬ 
sis  of  finite  element  calculations  of  the  opening  stress  is: 

U ( R)  =  0.55  +  0.35  R  +  0.1  R2 

Schijve  suggests  to  use  a  more  flexible  function,  which 
depends  also  on  the  parameter  a: 

U  ( R ,a )  =  0.55  +  (0.45-a)  R  +  aR2 

The  value  of  the  parameter  a  must  be  selected  on  the  ba¬ 
sis  of  a  best  fit  with  experimental  data,  so  that  the  scat¬ 
ter  band  of  the  regression  in  a  plane  da/dn-AKeff  is  minimum; 
the  expression  of  the  Elnes  law  is  the  following: 

da/dn  =  C  •  AK^ff  =  C  •  [aK  •  U(R,a)]n 

The  analysis  of  the  experimental  data  from  the  point  of 
view  of  the  Elnes  law  is  summarized  in  Figs. 2. 

Fig. 2a  shows  that  the  Elnes  law  works  fairly  well,  because 
the  experimental  points  lie  within  a  narrow  scatter  band  cen¬ 
tered  around  the  best  fit  line.  Nevertheless  the  points  rele¬ 
vant  to  the  stress  ratio  0.7  do  not  agree  very  well  with  the 
others.  Once  this  data  has  been  disregarded,  the  analysis 
results  are  more  grouped,  as  shown  in  Fig. 2b.  Some  supple¬ 
mentary  tests  in  the  range  of  the  high  stress  ratio  values 


1  1 


have  been  carried  out  to  check  if  the  behaviour  of  the  ex¬ 
perimental  data  belonging  to  the  test  with  R  equal  to  0.7 
is  accidental  or  systematic.  Fig. 2c  shows  the  results  rel¬ 
evant  to  the  supplementary  tests  together  with  those  of 
Fig. 2b;  it  can  be  seen  that  the  new  results  match  quite 
well  the  old  ones.  The  need  for  a  deeper  insight  in  the 
material  behaviour  at  high  stress  ratio  values  is  justi¬ 
fied  also  by  the  content  of  some  spectra,  e.g.  MINITWIST, 
which  are  densely  populated  with  rather  high  stress  ratio 
eye  1 es . 

The  scatter  of  crack  growth  predictions  has  been  ana¬ 
lyzed  by  means  of  a  plot  of  the  cumulative  probabilistic 
distribution  of  the  random  variable  Log(Nex/Nc),  where  Nc 
is  the  number  of  cycles  necessary  to  reach  a  given  crack 
length.  The  variable  Log(Nex/Nc)  conforms  fairly  well  to 
a  normal  distribution  with  a  small  standard  deviations, 
especially  when  Nc  is  calculated  using  the  Elnes  law  (Fig. 3) 
rather  than  Forman's  law  (Fig.4).The  Elnes  law  seems  to  work 
more  accurately,  in  relation  to  its  sounder  physical  bases 
and  to  the  fact  that  it  optimizes  three  parameters  (C,n 
and  a),  whereas  only  two  are  optimized  by  Forman's  law. 


4.2  -  SIMPLE  SHEET  -  VARIABLE  AMPLITUDE  TESTS 

Three  kinds  of  standard  spectra  have  been  used,  viz. 
FALSTAFF, MINITWIST  and  GAUSSIAN  random,  whose  main  char¬ 
acteristics  have  been  briefly  outlined  in  section  3. The 
specimens  geometrical  dimensions  and  the  parameters  that 
define  the  loading  spectrum  are  shown  in  Tabs . 1 b-1 c-1 d 
for  the  complete  set  of  tests  of  this  kind.  It  can  be  seen 
that  for  FALSTAFF  and  MINITWIST  tests,  the  influence  of 
two  di f f eren t  load  levels  has  been  studied,  thus  giving 
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rise  to  a  total  number  of  five  different  groups  of  data.  The 
experimental  results  are  plotted  in  Figs.  5a-9a  in  the  form 
of  a-F  curves.  The  predictions  obtained  by  utilizing  the 
Elnes  law  and  the  Willenborg  model  or  the  Wheeler  model  with 
various  plastic  zone  parameters  are  compared  with  the  exper¬ 
imental  a-F  (or  a-n)  plots  in  Figs.5b-9b.  For  FALSTAFF  spec¬ 
tra,  the  predictions  have  also  been  computed  by  means  of  the 
ONERA  model,  based  on  the  evaluation  of  the  stress  intensity 
factor  threshold  in  the  spectrum.  The  results  relevant  to 
the  non-interactive  method  are  not  shown,  because  for  varia¬ 
ble  amplitude  spectra  they  are  usually  too  conservati ve. 

For  every  group  of  tests,  the  accuracy  of  the  predictions 
has  been  estimated  also  on  the  basis  of  a  comparison  of  the 
number  of  flights  required  in  the  tests  for  a  certain  crack 
growth  interval  with  the  correspond! ng  calculated  number  of 
flights.  Two  crack  growth  intervals  have  been  selected  for 
every  type  of  tests  and  the  cumulative  probabilistic  distri¬ 
bution  of  the  random  variable  Fex/Fc  is  plotted  in  Figs.  5c- 
9c.  The  analysis  of  these  figures  suggests  the  following  ob¬ 
servations: 

-  for  tests  under  FALSTAFF  spectrum  with  Smax=20.0  Kg/mm2  a 
first  group  of  six  tests  has  been  carried  out.  The  optimum 
value  of  the  plastic  zone  coefficient  relevant  to  the 
Wheeler  retardation  method  has  been  found  to  be  in  the  range 
1.3-1. 4,  for  the  data  collected  in  this  first  group  of  tests 
( Fi g . 5c ) . Thi s  value  is  slightly  below  the  expected  one  (1.8 
is  a  typical  value)  and  therefore  it  has  been  considered 
worthwhile  to  produce  further  data,  as  an  overall  check  and 
in  order  to  consolidate  the  experimental  results.  The  tests 
relevant  to  this  supplement  of  investigation  are  indicated 
in  Tab. lb  and  in  Fig.  5a  with  the  symbol  (°).  The  results 
of  the  supplementary  tests  confirm  the  validity  of  the  first 
set  of  data,  as  a  substantially  good  agreement  has  been 
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found  (Fig.5d). 

The  results  of  the  tests  under  FALSTAFF  spectrum  with 
Smax=24.0  Kg/mm2  look  rather  surprising,  because  the  aver¬ 
age  crack  growth  rates  are  higher  than  expected,  in  com¬ 
parison  with  other  similar  experimental  results  obtained 
previously  in  the  same  laboratory,  during  the  research 
activity  of  the  first  year.  The  different  behaviour  can 
be  ascribed  both  to  differences  in  the  material  character¬ 
istics,  as  a  different  batch  has  been  utilized, and  to  the 
testing  methodology,  described  in  Appendix  1,  which  is  cer¬ 
tainly  much  more  accurate  for  the  tests  under  examination. 
Nevertheless  similar  experimental  results,  available  in 
literature  / 1 2 /  ,  show  a  substantial  agreement  with  the 
present  data.  This  has  somehow  proved  the  uselessness  of 
further  controls  on  the  reliability  of  the  data  collected. 
The  data  has  been  analyzed  also  from  the  point  of  view  of 
the  ONERA  method,  and  the  predictions  seem  to  be  encour¬ 
aging  for  the  lower  stress  level,  while  slower  crack  growth 
rates  are  predicted  for  the  other  one.  As  already  mentioned 
in  section  3,  this  method  has  been  deduced  from  / 3 /  and  is 
based  on  the  concept  of  threshold  in  crack  growth.  It 
requires  a  weighting  parameter,  which  controls  the  overall 
variation  of  in  the  spectrum.  The  same  value  suggested 
by  the  autnors  has  been  utilized  in  the  computations,  and 
slightly  conservative  predictions  have  been  obtained  for 
the  lower  stress  level. 

The  tests  under  MINITWIST  spectrum  are  summarized  in  Figs. 

7  and  8.  It  is  noteworthy  to  point  out  that  the  predic¬ 
tions  obtained  by  means  of  the  Willenborg  model  may  be  con¬ 
servative  or  slightly  unconservative,  according  to  the  spec¬ 
trum  average  stress.  This  fact  shows  that  the  modelling  of 
the  residual  stresses,  adopted  by  the  Willenborg  model  to 
explain  the  retardation  effects,  is  rather  crude  and  in 
particular  does  not  take  in  due  consideration  the  influence 
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of  the  mean  load  in  the  spectrum.  From  the  analysis  of 
Figs.  7c  and  8c,  the  optimum  values  of  the  Wheeler  plastic 
zone  coefficients  are  deduced,  namely  about  2.4  and  1.4  re¬ 
spectively.  In  this  case  too,  as  for  the  FALSTAFF  spectrum, 
it  can  be  pointed  out  that  the  higher  stress  level  spectrum 
is  associated  with  a  lower  value  of  the  optimum  Wheeler 
coefficient. 

The  Gaussian  random  spectrum  is  characterized  by  an  irregu¬ 
larity  factor  0.7  and  a  stress  root  mean  square  value  equal 
to  2.5  Kg/mm2,  and  has  been  superposed  to  an  average  stress 
of  7.0  Kg/mm2.  The  experimental  data,  ( Fi g . 9b) ,  matches  fair¬ 
ly  well  the  prediction  obtained  with  the  Wheeler  method, 
with  a  value  of  m,  the  plasticity  zone  parameter,  equal  to 
1.9.  The  Willenborg  model  gives  slightly  conservative  pre¬ 
dictions. 


*♦.3  -  STIFFENED  PANEL  -  CONSTANT  AMPLITUDE  TESTS 

Ten  tests  have  been  carried  out,  as  shown  in  Tab.  le,  on 
strip  stiffened  panels  under  a  constant  amplitude  loading, 
characterized  by  a  stress  ratio  equal  to  0.2.  The  experimen¬ 
tal  data,  summarized  in  Tab.2e,  has  been  treated  to  obtain 
the  necessary  information  on  rivet  flexibility,  following 
the  procedure  discussed  in  / 7 / ,  improved,  as  outlined  in 
section  3,  by  means  of  a  more  accurate  approach  in  the  AK 
evaluation,  which  takes  into  account  the  elastic  unloading 
subsequent  to  plastic  deformation  in  a  yielded  rivet. 

Friction  forces  have  not  been  taken  into  account  and  a 
regression  analysis  has  been  performed  to  define  the  opti¬ 
mum  value  of  the  flexibility  parameter, £,  i.e.  the  one 
which  is  related  to  the  lowest  scatter.  Figs.  10a, 10b  and 
10c  show  da/dn-AK  plots,  where  AK  has  been  computed  by  as- 
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suming  different  values  of  £,  i.e.  0.1, 0.3  and  0.7.  It  can 
be  seen  that  in  the  second  figure  the  points  relevant  to 
experimental  results  are  grouped  in  a  narrow  scatter  band 
around  the  best  fit  line. 

Fig. 11  shows  a  plot  of  the  Fischer  variable, assumed  as 
the  statistical  quantity  whose  maximum  must  be  searched, as 
a  function  of  £.  The  best  assessment  of  £  derived  from  the 
analysis  of  all  the  data  is  0.3  and  the  optimum  values  of 
£  relevant  to  single  tests  fall  within  a  narrow  interval 
near  that  value. 

The  regression  analysis  to  obtain  the  constants  of 
Forman's  law  for  the  optimum  value  of  £  is  shown  in  Fig. 10b, 
and  it  must  be  pointed  out  that  the  slope  of  the  best  fit 
line  is  very  similar  to  the  one  pertinent  to  the  simple 
sheet  tests.  This  means  that  the  stress  intensity  factor 
calculation  approach  that  has  been  adopted,  which  is  explain 
ed  in  detail  in  Appendix  2,  works  quite  satisfactorily.  Once 
the  best  value  of  £  has  been  assessed  by  following  the  usu¬ 
al  procedure ,/7/ ,  a  reliability  analysis  has  been  performed 
by  comparing  Nex  with  Nc  for  two  different  crack  growth  in¬ 
tervals,  chosen  in  a  suitable  way,  i.e.  one  ending  before 
and  the  other  beyond  the  first  stiffener.  Fig.  12  shows  the 
cumulative  probabilistic  distribution  of  the  variable  Nex/Nc 
for  the  same  three  values  of  £  in  Figs. 10. 


4.4  -  STIFFENED  PANEL  -  VARIABLE  AMPLITUDE  TESTS 

Three  groups  of  tests  have  been  carried  out  with  a  varia¬ 
ble  amplitude  standard  spectrum,  namely  FALSTAFF ,MIN ITWIST 
and  Gaussian  random,  on  built-up  specimens  of  the  same  geom¬ 
etry  as  those  tested  under  a  constant  amplitude  loading.  Tab 
If  and  Tab.2f  report  the  main  characteristics  and  the  re- 


suits  of  all  the  tests.  A  plot  of  a  versus  the  number  of 
flights  is  shown  in  Fi gs . 1 3a*l 5a . 

A  comparison  with  the  predicted  crack  growth .evaluated 
by  means  of  the  CADAV  program,  described  in  detail  in  Ap¬ 
pendix  2  as  far  as  the  AK  evaluation  procedure  is  concern¬ 
ed,  is  shown  in  Fi gs . 1 3b* 1 5b .  The  retardation  methods  util¬ 
ized  are  Wheeler's  model,  with  different  values  of  the  plas¬ 
tic  zone  parameter,  and  the  Willenborg  model.  The  usual 
plots  of  the  random  variable  Log  Fex/Fc  are  shown  in  Figs. 

1 3c*l 5c . 

The  analysis  of  the  figures  suggests  the  following  con- 
si  derati  ons : 

-  for  tests  under  FALSTAFF  spectrum  with  Smax=20.0  Kg/mm2, 
the  ONERA  method  works  again  quite  well,  resulting  in 
slightly  conservative  predictions,  while  the  Willenborg 
prediction  curve  falls  just  in  the  middle  of  the  scatter 
band  of  the  experimental  curves.  The  most  suitable  value 
of  Wheeler's  parameter  is  about  2.0.  It  is  different  from 
the  optimum  value  for  flat  panels,  because,  besides  some 
uncertainties  concerning  the  K  evaluation  in  stiffened 
panels,  the  same  asymptotic  stress  history  does  not  pro¬ 
duce  the  same  K  history  at  the  crack  tips. 

-  The  panels  tested  under  MINITWIST  spectrum  had  quite  a 
long  initial  damage,  because  the  crack  growth  rates  were 
low  and  it  was  decided  to  study  with  more  accuracy  the 
stiffener  crossing.  The  Willenborg  model  gives  too  con¬ 
servative  results,  whereas  a  high  optimum  value  of  the 
Wheeler  plastic  zone  parameter  is  obtained,  3.5. 

-  The  asymptotic  stress  history  applied  in  the  tests  under 
Gaussian  random  loading  was  the  same  as  that  of  the  flat 
panels  tests.  This  group  of  tests  is  characterized  by  a 
very  low  scatter  in  the  experimental  results.  The  compar¬ 
ison  with  the  predictions  shows  that  the  Willenborg  model 
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appears  to  be  slightly  conservative,  while  the  optimum 
value  of  Wheeler's  parameter  is  about  2.2. 


5  -  CRACK  GROWTH  PREDICTION  RELIABILITY 

All  the  data  collected  during  the  present  research  (1st, 
2nd  and  3rd  year  of  activity)  covers  a  large  variety  of 
loading  spectra,  geometrical  configurations  and  materials. 

In  the  previous  sections  the  tests  carried  out  in  the 
third  year's  research  activity  have  been  analyzed,  group  by 
group,  in  order  to  highlight  the  main  features  of  each 
group  of  tests.  In  the  present  paragraph  almost  the  whole 
data  obtained  in  the  entire  research  has  been  treated, with 
the  aim  of  evaluating  the  capacity  of  the  existing  methods 
to  predict  reliably  the  crack  growth.  To  this  end  the  sta¬ 
tistical  variable  Log  Fex/Fc  has  been  analyzed,  irrespec¬ 
tive  of  the  kind  of  test  in  which  the  data  has  been  col¬ 
lected,  to  evaluate  its  distribution  and  scatter. 

F c  has  been  evaluated  according  to  the  following  re¬ 
tardation  models: 

-  Wheeler's  method  with  the  optimum  value  of  m,  the  plas¬ 
tic  zone  parameter,  different  of  course  from  test  to 
test.  Fig. 16a; 

-  Wheeler's  method  with  a  fixed  average  value  of  m,  1.8, 
Fig. 16b; 

-  Willenborg  model.  Fig. 16c; 

-  ONERA  model.  Fig. 1 6d  (in  this  case,  only  data  obtained 
under  FALSTAFF  spectrum  in  2024-T3  specimens  has  been 
considered) . 

The  results  shown  in  Figs. 16  include  data  from  almost 
every  type  of  tests.  The  crack  growth  interval  for  which 
Fex/Fc  has  been  evaluated  is  not  strictly  the  same  for  all 
tests . 
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The  results  show  that: 

-  in  the  case  of  Fig. 16a,  in  which  Fc  has  been  evaluated 
according  to  the  Wheeler's  method  with  the  optimum  value 
of  the  plastic  zone  parameter,  the  alignment  of  the 
points  is  satisfactory  and  the  standard  deviation  of  the 
normal  distribution  is  assessed  to  be  about  0.10,  quite 

a  low  value; 

-  to  assume  a  fixed  value  of  the  plastic  zone  coefficient, 
m,  brings  to  a  significant  increase  in  the  standard  de¬ 
viation  (about  0.24)  and  the  alignment  of  the  points  is 
not  so  good  as  in  the  first  case,  due  to  the  bias  intro¬ 
duced  by  the  average  value  of  m; 

-  the  Willenborg  model  curve  shows  a  good  alignment  of  the 
points,  but  the  standard  deviation  is  even  higher  than 
in  the  previous  case  (about  0.34).  This  means  that  the 
predictions  obtained  using  this  method  can  be  affected 
by  a  large  inaccuracy; 

-  the  ONERA  method  results  refer  only  to  tests  obtained  in 
2024-T3  specimens  under  FALSTAFF  spectrum,  because  of  the 
lack  of  information  about  the  threshold  variations  in  the 
7075-T6  material.  The  standard  deviation  is  assessed  to 
be  about  0.16,  higher  than  in  the  case  of  Fig. 16a,  but 
still  acceptable. 

It  can  be  seen  that  the  best  results  are  those  obtained 
with  Wheeler's  method,  using  each  time  the  most  suitable 
value  of  m,  but  its  evaluation  is  not  a  simple  problem,  as 
it  is  strongly  affected  by  the  kind  of  spectrum,  the  spec¬ 
imen  geometrical  configuration  and  the  stress  level.  This 
difficulty  strongly  limits  the  validity  of  Wheeler's  meth¬ 
od,  because  an  inaccurate  evaluation  of  m  can  give  rise  to 
misleading  results,  as  shown  in  Fig. 17. 

On  the  other  hand,  Wheeler's  method  with  a  fixed  para- 
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meter  does  not  provide  accurate  results.  The  Willenborg  mod¬ 
el  is  defined  once  for  all  and  does  not  require  any  parameter 
to  be  optimized,  but  its  predictions  are  not  very  good,  be¬ 
cause  they  are  affected  by  a  very  large  scatter. 

The  ONERA  method  seems  to  work  satisfactorily  and  to  pro¬ 
vide  generally  conservative  predictions,  but  the  data  ana¬ 
lyzed  is  limited  only  to  one  load  spectrum  and,  anyway,  for 
every  load  spectrum,  a  proper  weighting  parameter  is  re¬ 
quired,  variable  according  to  the  spectrum  "severity". 

The  survey  of  the  prediction  methods  here  analyzed  shows 
that  further  research  is  required,  and  a  particular  effort 
must  be  focused  in  the  development  of  new  retardation  models, 
e.g.  those  based  on  the  crack  closure  phenomenon,  which  seem 
to  be  more  flexible  in  use  and  more  accurate  than  those  based 
on  the  modelling  of  residual  stresses. 

6  -  CONCLUSIONS 

The  research  carried  out  during  the  third  year  of  the  prog¬ 
ramme  was  centered  on  tests  of  sheets  and  stiffened  panels 
loaded  both  at  constant  and  variable  amplitudes.  The  specimens 
were  made  of  2024-T3  aluminium  alloy,  cut  from  the  same  batch 
of  sheets.  Three  types  of  standard  loading  spectra  have  been 
utilized:  FALSTAFF  representati ve  of  fighter  aircraft  wing 
loading,  MINITWIST  typical  for  transport  aircraft  wings  and 
Gaussian  random,  representative  of  the  loading  on  a  transport 
aircraft  fin.  The  results  of  these  tests,  processed  with  the 
methods  developed  during  the  whole  period  of  research  activi¬ 
ty,  have  been  presented  in  previous  sections. 

A  set  of  conclusions  concerning  the  two  types  of  tests, 
namely  constant  amplitude  and  variable  amplitude,  is  worth 
remark i ng : 

-  as  far  as  the  constant  amplitude  tests  are  concerned,  two 
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different  types  of  specimen  have  been  tested,  namely  simple 
sheets  and  stiffened  panels.  The  data  obtained  with  the 
sheet  specimens  has  been  treated  prevalently  with  the  aim 
of  evaluating  the  existing  formulas  for  crack  growth.  A  sig¬ 
nificant  conclusion  concerns  the  relationship: 

if  »  C  •  AKeff  =  C  .[AK  •  U(R,a)]n 

which  fits  quite  well  with  the  test  results  when  the  func¬ 
tion  U(R,a)  is  chosen  conforming  to  the  Schijve  proposal: 

U(R,ct)  =  0.55  +  (0.45-a)  R  +  aR2 

This  law  works  quite  well  in  the  intermediate  AK  range  and 
this  's  in  accordance  with  the  results  of  other  Investigators. 
So  this  law  is  more  recommended  than  the  wel  1 -known  Forman '  s 
relationship. 

Tests  from  stiffened  panels  allow  us  to  obtain  further  infor 
mation  on  rivet  flexibility.  The  improvements  in  the  model¬ 
ling  of  the  rivet  elasto-plastic  behaviour  for  the  stress 
intensity  factor  computation  increase  the  reliability  of  the 
flexibility  evaluation.  The  method  developed  in  the  course 
of  the  present  investigation  seems  to  work  fairly  accu¬ 
rately  in  the  final  version  utilized  in  the  third  year's 
research  activity  even  if  a  slightly  stiffer  fastener  be¬ 
haviour  is  likely  to  be  predicted. 

As  far  as  simple  sheets-vari able  amplitude  tests  are  con¬ 
cerned,  a  rather  wide  set  of  results  has  been  obtained,  u- 
tilizing  three  different  spectra  and  different  load  levels. 
The  data  has  been  utilized  to  evaluate  the  Willenborg  and 
Wheeler  methods,  while  only  data  from  tests  under  FALSTAFF 
spectrum  has  been  utilized  to  evaluate  the  ONERA  model. The 
Wil’enborg  method  is  unable  to  provide  a  reliable  fit  to  the 
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test  data.  On  the  contrary,  the  Wheeler  method  with  a  suit¬ 
able  selection  of  the  plastic  zone  parameter,  m,  predicts 
correctly,  on  the  average,  the  number  of  flights  necessary 
for  a  crack  growth  of  given  length.  Nevertheless  m  is  very 
sensitive  to  the  type  of  spectrum  and,  for  a  given  spectrum, 
to  the  load  level.  As  far  as  the  ONERA  method  is  concerned, 
the  predictions  comply  with  the  data  from  FALSTAFF  spectrum 
tests  with  an  acceptable  scatter. 

The  stiffened  panels  tests  have  been  performed  with  three 
different  types  of  spectra.  The  tests  results  have  been  com¬ 
pared,  as  usual,  with  the  predictions  obtained  by  means  of 
the  methods  devised  by  Willenborg,  by  Wheeler  and  by  ONERA. 
The  computations  have  been  made  utilizing  the  optimum  value 
of  the  rivet  flexibility  obtained  from  constant  amplitude 
tests  on  the  basis  of  an  improved  version  of  the  CAOAV  prog¬ 
ram  to  take  into  account  the  progressive  rivet  yielding. 

With  such  changements,  the  trends  in  predictions  and  test 
data  are  quite  similar,  with  a  si gni f i cati ve  improvement 
with  respect  to  the  previous  year's  results. 

As  far  as  the  relative  merits  of  the  prediction  methods  are 
concerned,  similar  conclusions  to  the  case  of  simple  sheets 
also  can  be  drawn.  It  is  worth  noting  that  the  best  values 
of  the  Wheeler  plastic  zone  parameters  are  different  from 
the  case  of  simple  sheets  with  the  same  stress  level,  de¬ 
noting  a  dependence  of  this  parameter  on  the  geometry. 

All  the  data  from  variable  amplitude  tests  has  been  even¬ 
tually  treated  to  obtain  a  general  assessment  of  the  reli¬ 
ability  of  the  prediction  methods.  The  results  of  this  ana¬ 
lysis  are  shown  in  Figs. 16,  which  include  also  data  obtained 
from  7075-T6  specimens  tested  in  the  previous  year's  re¬ 
search  activity.  The  set  of  data  reported  in  Figs. 16  is  rel¬ 
evant  to  three  different  spectra,  different  load  levels,  ma¬ 
terials  and  geometry.  Therefore  it  can  be  considered  a  sig- 
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niflcant  sample  to  evaluate  the  prediction  methods  relia¬ 
bility. 

The  results  confirm  the  inadequacy  of  the  Wlllenborg 
model  and,  on  the  contrary,  show  that  Wheeler’s  method,  with 
the  selection  of  the  best  values  of  m  for  each  group  of  tests, 
provides  quite  accurate  predictions,  characterized  by  low 
values  of  scatter.  Nevertheless  this  positive  assessment  is 
weakened  by  the  strong  dependence  of  the  optimum  value  of  m 
on  spectrum,  geometry  and  load  level;  this  dependence  nowa¬ 
days  is  difficult  to  be  predicted  etther  "a  priori"  or  on  the  ba¬ 
sis  of  simple  test  programs.  Fig. 16b,  obtained  utilizing  the 
predictions  of  the  Wheeler  method  with  a  fixed  value  of  the 
plastic  zone  parameter  (m=l. 8),  does  not  show  satisfactory 
results,  similarly  to  those  relevant  to  the  Willenborg  mod¬ 
el  . 

Therefore,  the  present  state  of  affairs  about  predictions 
is  not  fully  satisfactory  and  further  developments  are  nec¬ 
essary,  particularly  in  the  area  of  interaction  effects  mod¬ 
elling,  to  make  it  possible  to  have  a  reliable  prediction  for 
a  given  geometry,  spectrum  and  load  level. 
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APPENDIX  1  -  TESTING  METHODOLOGY  FOR  VARIABLE  AMPLITUDE 
LOADING  SPECTRA. 

Fatigue  testing  under  variable  amplitude  loading  is  often 
a  hard  job,  because  a  very  difficult  problem  arises,  viz. 
how  to  guarantee  within  acceptable  limits  t>at  the  applied 
load  sequence  follows  quite  faithfully  the  desired  one.  In 
the  following  the  testing  methodology  adopted  at  the  Insti¬ 
tute  of  Aeronautics  is  briefly  summarized,  but  a  wider  de¬ 
scription  can  be  found  in  / 1 3 / . 

The  testing  equipment  available  in  the  Institute  of  Aer¬ 
onautics  fatigue  laboratory  consists  of  a  Servotest  hydraulic 
power  pack,  that  can  supply  pressure  to  two  actuators,  con¬ 
trolled  in  closed  loop  by  means  of  servovalves  and  capable 
of  a  force  range  in  dynamic  of  +500  KN  the  first  and  +250  KN 
the  second,  and  a  process  computer.  Digital  POP  11/34,  with 
anal og-to-di gi tal  (A/D)  and  di gi ta 1  - to-ana 1 og  (d/A)  convert¬ 
ers  . 

The  computer,  by  means  of  the  A/D  converter,  can  measure 
the  electrical  signal  from  the  load  cell,  proportional  to  the 
load  actually  applied  by  the  actuator,  with  an  accuracy  of 
about  2.5  mV,  i.e.  1/2000  of  the  full  scale  range.  If  a  com¬ 
puter  program  feeds  the  machine  with  an  electrical  signal, 
varying  with  time,  identical  to  the  spectrum  required,  the 
response  of  the  machine  will  introduce  appreciable  differ¬ 
ences,  which  cannot  be  accepted  from  the  point  of  view  of 
the  load  spectrum  accuracy.  On  this  basis,  a  group  of  prog¬ 
rams  have  been  developed  with  the  aim  of  handling  the  com¬ 
plete  spectrum  data  in  such  a  manner  that,  by  making  suc¬ 
cessive  corrections,  the  machine  response  is  improved  until 
it  becomes  fully  satisfactory.  The  loads  actually  applied 
by  the  fatigue  machine  are  monitored  by  means  of  the  A/D 
converter . 
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For  every  kind  of  variable  amplitude  loading  tests,  a 
statistical  analysis  of  the  machine  response  has  been  car¬ 
ried  out,  to  assess  the  accuracy  of  the  applied  loading. 

For  each  load  level  (e.g.  levels  1-32  for  FALSTAFF  and 
Gaussian  random  loading),  a  comparison  was  performed  be¬ 
tween  the  applied  load,  measured  by  the  computer  by  means 
of  the  A/D  converter,  and  the  expected  load.  Two  cases  are 
distinguished,  in  which  only  the  peaks  or  the  valleys,  re¬ 
spectively,  are  processed.  The  average  percentage  error, 
referred  to  the  maximum  load  in  the  spectrum,  is  well  below 
1%,  thus  assuring  a  good  accuracy  in  load  control.  For  t  ch 
load  level,  the  actual  response  of  the  machine  is  highli¬ 
ghted  by  means  of  a  histogram  of  the  error  occurrences.  A 
plot  is  shown  in  Fig. 18,  where  both  load  levels  and  errors 
are  expressed  in  computer  internal  units,  used  by  the  A/D 
and  D/A  converters. 

With  the  available  facilities,  most  tests  have  been  per¬ 
formed  with  an  average  working  frequency  of  about  18  Hz.,  a 
compromise  between  accuracy  in  load  control  and  time  required 
to  carry  out  the  test. 
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APPENDIX  2  -  STRESS  INTENSITY  FACTOR  IN  BUILT-UP  STRUCTURES, 

The  problem  of  K  evaluation  in  stiffened  panels  is  of 
great  importance  in  the  analysis  of  the  experimental  data 
collected  in  tests  on  such  specimens.  Both  programs,  SKESA 
and  CADAV,  developed  at  the  Institute  of  Aeronautics  of  the 
University  of  Pisa,  utilize  for  the  K  evaluation  a  scheme 
which  derives  from  that  proposed  by  C.C.Poe  / 1 4 / .  In  this 
approach  a  cracked  stiffened  panel  is  considered  as  a  re¬ 
dundant  system,  whose  unknowns  are  the  rivet  forces,  which 
can  be  determined  by  means  of  displacement  compatibility  e- 
quati ons . 

The  original  version  proposed  by  Poe  has  been  improved 
by  taking  into  account  also  the  rivet  flexibility,  i.e.  by 
adding  in  the  displacement  compatibility  equations  the  terms 
due  to  the  rivet  dleflection.  A  further  development  has  been 
made  by  introducing  plastic  deformation  effects,  i.e.  when¬ 
ever  the  load  carried  by  a  rivet  exceeds  the  yielding  load, 
a  different  load-deflection  relationship  is  assumed  for  that 
rivet,  still  of  linear  type,  Fig. 19.  According  to  this  scheme, 
a  more  accurate  evaluation  of  AK  can  be  made,  assuming  that 
in  the  unloading  part  of  a  cycle  the  rivet  behaves  elastic- 
ally,  i.e.  with  the  same  slope  of  the  fully  elastic  phase. 

In  the  analysis  of  test  data  from  stiffened  specimens 
under  constant  amplitude  loading,  the  AK  pertinent  to  each 
crack  length  has  been  evaluated  by  first  calculating  Kmax» 
and  then  checking  if  any  rivet  carried  a  load  higher  than 
the  yielding  load.  In  case  this  occurred, the  evaluation  of 
Kmin  in  the  cycle  was  performed  by  taking  into  account  the 
elastic  unloading  just  described  when  writing  the  term  rel¬ 
evant  to  that  rivet  in  the  deflection  compatibility  equa¬ 
tions. 

The  AK  values  evaluated  in  this  manner  have  then  been 
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associated  with  the  computed  crack  growth  rate  values,  da/dn, 
to  get  the  constants  of  the  semiempi ri cal  crack  propagation 
laws.  Figs. 10  show  the  results  of  the  analyses  carried  out 
assuming  three  different  values  of  the  fl ex i bi 1 i ty  parameter 
in  the  computation  of  AK. 

In  variable  amplitude  loading  tests  on  stiffened  panels, 
under  the  combined  action  of  increasing  crack  length  and 
peak  loads,  a  progressive  yielding  of  the  most  loaded  riv¬ 
ets  occurs,  so  that  the  load  transfer  capability  of  the  junc¬ 
tion  decreases.  The  computer  program  for  the  crack  growth 
evaluation  has  been  modified  in  the  AK  computation  block  for 
stiffened  panels,  according  to  the  following  scheme: 

a)  at  first,  for  the  panel  geometry  under  examination,  a  re¬ 
search  has  been  made  to  identify  the  possible  combina¬ 
tions  of  crack  lengths  and  peak  loads  for  which  yielding 
occurs  in  the  most  loaded  rivets,  according  to  the  double- 
linear  elasto-pl astic  behaviour  outlined  in  Fig. 19; 

b)  according  to  the  scheme  above  described,  K  is  computed  for 
a  sufficiently  high  number  of  crack  lengths  and  loads, 
and  for  different  situations  of  the  rivets,  i.e. 

-  all  the  rivets  behave  elastically; 

-  only  the  first  rivet  has  carried  a  higher  load  than  the 
yielding  load  while  all  the  others  are  still  in  the  fully 
elastic  range; 

-  the  first  and  the  second  most  loaded  rivets  have  been 
yielded,  and  so  on. 

c)  in  the  computer  program,  the  progressive  efficiency  de¬ 
crease  of  the  junction  is  monitored  by  means  of  a  comparison 
with  the  limiting  situations  outlined  in  a)  and,  according 
to  the  estimated  model  for  the  rivets  behaviour,  K  is  eval¬ 
uated  by  interpolating  through  the  values  calculated  in  b). 
This  solution  has  been  chosen  because  it  is  accurate  enough , 
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while  a  direct  K  computation  would  be  too  long  and  bring 
to  an  unacceptable  computing  time. 

The  results  obtained  are  encouraging,  (see  Fi gs . 1 3b- 1 5b) , 
because  the  predicted  a-F  curves  show  a  shape  similar  to  the 
one  of  the  experimental  data,  with  an  accurate  location  of 
the  flex  point  in  the  region  of  the  stiffener  crossing. 
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Regression  analysis  on  a  wider  set  of  ex¬ 
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Fig. 3  -  Lognormal  cumulative  distributions  of  the 
variable  ANex/ANc  for  two  ranges  of  damage 
growth. 
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Fig. 4  -  Lognormal  cumulative  distributions  of  the 
variable  ANex/ANc  for  two  ranges  of  damage 
growth . 
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Specimens  flat  panels  t=1.62mm 
Central  through  c-raCK  material  2024 -T3 

Load  spectrum  FALSTAFF  (  Sm^*  20kq/mm‘?) 

•  m=  1.2  N 


?  Wheeler  method 


■  m=  1.3 
a  m=  1.4 

♦  m=  1.6 

♦  m=  1.8  , 
o  Onera  method 

a  Willenborg  method 
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AFc 


Crack  growth  interval  from  a  =  1 3 mm  to  a  =  25mm 


Fig. 5c  -  Lognormal  cumulative  distributions  of  the 
variable  AFex/AFc  for  the  first  series  of 
flat  panels  tests  under  FALSTAFF  spectrum 
loading  with  Smax*20.0  Kg/mm2.  Fc  has  been 
calculated  using  the  Elnes  law. 
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Crack  growth  interval  from  a  =  13mm  toa=42  mm 


Fig. 5c  -  Concluded. 
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Specimens  flat  panels  t  1.62mm 

Central  through  crack  ,  material  2024  ~T3 

Load  spectrum  :  FALSTAFF  l  Sm^*  r20  kg/mm2) 
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Crack  growth  interval  :  from  a  =15mm  to  a -30  mm 


Fig- 5 d  -  Lognormal  cumulative  distribution  of  the 
variable  AFex/AFc  for  the  complete  series 
of  flat  panels  tests  under  FALSTAFF  spec¬ 
trum  loading  with  Smax=2Q.O  Kg/mm2.  Fc  has 
been  calculated  using  the  Elnes  law. 
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Crack  growth  interval  :  from  a  =15  mm  to  a  =42  mm 


Fig.5d  -  Concluded. 


Fig. 6a  -  Experimental  r 
with  Smax=24.0 
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Flights  x  1  0 

Fig. 6b  -  Comparison  of  experimental  results  with  predictions  obtained  with  Elnes  law  for 
flat  panels  tests  under  FALSTAFF  spectrum  loading  with  Smax=24.0  Kg/mm? . 
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Specimens.  Hat  panels  .  t  -1.62  mm 
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Specimens,  flat  panels  ,  t  =1.62 mm 
Central  through  crack  .  material  2024  _T3 
Load  spectrum  :  MINITWIST  (Sig  -  7  kg/mm2) 

•  m  =  2.0 ' 

■  m  =  2.2  L Wheeler  method 
o  m  =  2.4 
a  m  =  2.6  J 
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Fig. 7c  -  Lognormal  cumulative  distribution  of  the 
variable  £>Fex/6Fc  for  flat  panels  tests 
under  MINITWIST  spectrum  loading  with 
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Fig. 7c  -  Concluded. 
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Specimens  :  flat  panels  ,  t  -1.62  mm 
Central  through  crack  ,  material  2024  ~T3 
Load  spectrum  :  MINITWIST  (Sig  =10  kg/mm2) 

•  m  =1.3'j 

■  m  =1.4  L  wheeler  method 
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Fig. 8c  -  Lognormal  cumulative  distributions  of  the 
variable  AFpv/AFc  for  flat  panels  tests 
under  MINITWIST  spectrum  loading  with 
S  i  g  = 1 0 . 0  Kg/mm2.  Fc  has  been  calculated 
using  Elnes  law. 
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Fig. 9c  -  Lognormal  cumulative  distributions  of  the 
variable  ANex/ANc  for  flat  panels  tests 
under  Gaussian  random  spectrum  loading 
with  S rms  =  2.5  Kg/mm2.  Nc  has  been  calcu¬ 
lated  using  Elnes  law. 
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Fig. 11  -  FqATA  versus  flexibility  parameter  £  for 
some  constant  amplitude-stiffened  panels 
tests . 
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Specimens  stiffened  panels, t  -  1.62  mm 

Central  trough  crack,  material  2024 -T 3 
Load  spectrum  :  Constant  amplitude 
Nc  calculated  with  Elnes  law 
K  evaluated  assuming  a  rivet  flexibility  parameterof. 
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Fig. 12  -  Lognormal  cumulative  distributions  of  the 

variable  ANex/ANc  for  stiffened  panels  tests 
under  constant  amplitude  loading.  Nc  has 
been  calculated  using  Forman's  law  and  as¬ 
suming  different  values  of  the  rivet  flexi¬ 
bility. 
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Fig. 13b  -  Comparison  of  experimental  results  with  predictions  obtained  with  For 
for  built-up  panels  tests  under  FALSTAFF  spectrum  loading  with  Smax=2 
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Crack  growth  interval  . 

i rom  a  =14  mm  to  a  -30mm  from  a  =14  mm  to  a=  50mm 


Fig. 13c  -  Lognormal  cumulative  distributions  of  the 

variable  AFex/AFc  for  built-up  panels  tests 
under  FALSTAFF  spectrum  loading  with  Smax= 
=20.0  Kg/mm2.  Fc  has  been  calculated  using 
the  Forman’s  law  of  built-up  panels. 
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f  experimental  results  with  predictions  obtained  with  Forman's  law 
d  panels  tests  under  Gaussian  random  spectrum  loading  with  Srms=2.5  Kg/ mm 
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Specimens  stiffened  panels ,  t  =1.62  mm. 
Central  through  crack  .  material  2024  ~T3 
Load  spectrum  GAUSSIAN..  !  Sr«f  =  2.5kg/mm2) 
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Fig. 15c  -  Lognormal  cumulative  distributions  of  che 
variable  ANex/ANc  for  stiffened  panels 
tests  under  Gaussian  random  spectrum  load¬ 
ing  with  Srms=2.5  Kg/mm2.  Nr  has  been  cal¬ 
culated  using  the  Forman's  law  of  stiff¬ 
ened  panels. 
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A  sample  histogram  of  error  occurrences  in  the  fatigue 
machine  setting  up  phase  for  variable  amplitude  loading 
tests . 


Tab. la  -  Main  cha rac te ri s t i cs  of  the  constant  ampli 
tude-flat  panels  tests. 


TYPE 

w 

L 

t 

n.  panels 

mm 

mm 

mm 

2024 -T3 

7075-T6 

f2 

400 

500 

1.62 

18 

0 

Tab. lb  -  Main  cba ra c te r i s ti cs  of  FALSTAFF  spectrum 
tests  on  flat  panels.  The  tests  indicated 
with  (°)  are  those  relevant  to  the  supple 
mentary  research  activity  outlined  in  sec 
ti on  4 . 


TYPE 

W 

mm 

L 

mm 

t 

mm 

HKB9SEHH 

2024 -T3 

7075 ~T6 

F2 

400 

500 

1.62 

12 

0 

TEST 

HI 

«0 

mm 

spectrum 

Sref 
kg /mm  2 

material 

GFM2 

f2 

10.0 

MINITWIST 

7.0 

2024-T3 

GFM3 

II 

12.0 

II 

<1 

II 

IbuH 

II 

11.0 

II 

If 

- 77 - 

GFM5 

11 

II 

H 

U 

n 

GFM6 

II 

II 

II 

II 

n 

GFM7 

II 

II 

ll 

II 

m 

GFM9 

It 

2.7 

II 

10.0 

ii 

GFM10 

II 

II 

II 

ii 

GFM1 1 

II 

II 

II 

II 

u 

GFM12 

If 

II 

II 

II 

ii 

GFM13 

II 

II 

II 

II 

ii 

GFM14 

II 

II 

II 

II  II 

Tab. 1c  -  Main  characteristics  of  MINITWIST  spectrum 
tests  on  flat  panels. 


I 

l 
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TYPE 


W 

mm 

400 


L 

mm 

500 


t 

mm 


1  .62 


1 


1  n.  panels 

2024-T3 

7075 -T6 

6 

0 

TEST 

panel 

type 

ao 

mm 

spectrum 

Sref 
kg /mm  2 

material 

GFG1 

f2 

13.0 

GAUSSIAN 

2.5 

2024-T3 

GFG2 

II 

II 

- 

II 

II 

GFG4 

II 

II 

II 

II 

II 

GFG5 

II 

II 

II 

II 

II 

GFG6 

II 

II 

II 

II 

II 

GFG7 

II 

II 

II 

II 

II 

Tab. Id  -  Main  character! sties  of  Gaussian  random  spec¬ 
trum  tests  on  sheet  specimens.  Sref  stands  for 
Srms  and  the  spectrum  is  superposed  to  an  aver 
age  stress  equal  to  7,0  Kg/mm2. 


IYPE 

a 

mm 

c 

mm 

E3 

19 

s  1 

mm  1 

mm 

t,  1 

mm  i 

«c 

n,  panels 

2024-T3 

70  7b  T  6 

C- 

soo 

400 

60  ! 

-  -  i 

I  25 

1  , 

24 

1.62 

2.03 

0.50 

10 

0 

°k  --  (tc  ■  S  )  /  (  1 1  •  b) 


test 

panel 

type 

material 

rivet 

type 

M 

*o 

mm 

Smaii 
kg  /mm 

R 

GFI-1 

c, 

2024-T3 

IS 

1 1 

15.0 

6.0 

0.2 

GF1-2 

it 

II 

•• 

H 

20.0 

GFt-3 

II 

II 

•i 

ii 

“ 

GFI-4 

M 

II 

ii 

it 

11 

" 

GF1-5 

II 

»t 

u 

ii 

H 

GFI-6 

II 

II 

- 

■1 

II 

GF  1-7 

II 

<• 

" 

•i 

M 

II 

GF1-8 

II 

•l 

ii 

•I 

II 

GFI-9 

II 

•i 

“ 

ii 

II 

GFI-10 

•  I 

II 

“ 

ii 

.  . 

ii 

II 

Tab.le  -  Main  cha rac ter i s t i c s  of  the  constant  ampli 
tude  stiffened  panels  tests. 
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test 

panel 

type 

material 

rivet 

type 

crack 

pattern 

*o 

mm 

Sr»i  ^ 
kg/  mm 

Load 

spectrum 

GFFI-I 

c- 

2024-T3 

rs 

ll 

n.o 

20.0 

FALSTAFF 

GFF2-I 

II 

II 

•• 

H 

n 

N 

" 

GFF3-I 

II 

•1 

H 

M 

ii 

“ 

II 

GFF4-I 

“ 

II 

II 

II 

ii 

II 

•1 

GFF5-1 

■1 

II 

II 

II 

ii 

II 

II 

GFF6-I 

II 

II 

II 

ll 

n 

II 

II 

GFM4-1 

II 

II 

II 

U 

26.0 

7.0 

MINITWIST 

GFM5-  I 

II 

II 

M 

ll 

26.0 

II 

II 

GFM6-I 

" 

II 

II 

•1 

26.0 

II 

II 

GFM7-I 

II 

II 

ll 

26.0 

ll 

II 

GFM8-I 

~ — 

-  -■  — 1 

H 

26.0 

ll 

ll 

GFG1-I 

» 

II 

II 

14 . 0 

2.5 

GAUSSIAN 

GF G2  -  I 

•1 

" 

M 

" 

13.0 

" 

II 

GFG3-  I 

M 

n 

ll 

" 

“ 

" 

GFG4-I 

" 

II 

II 

ll 

II 

II 

GFG5-1 

II 

" 

II 

" 

ll 

ll 

GFG6-  I 

II 

II 

•• 

ll 

•l 

GFG7-  I 

II 

II 

II 

•i 

Tab. If  -  Main  characteristics  of  the  variable  amplitude 
stiffened  panels  tests. 
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1  6  S  t 

GFL-  6 

Te 

st  GFL-1 

Test 

OI  L  -5 

A 

N 

A 

N 

A 

N 

ifeft 

cades 

mm 

cades 

mm 

eac  lea 

5,15 

8460. 

5.45 

10070. 

6.45 

3845 . 

5.35 

10415, 

5  •  65 

13160. 

6.90 

54170. 

5.75 

14605. 

5.85 

15215. 

7.15 

18150. 

6.30 

19685. 

6.05 

17420. 

7.65 

25270. 

6.50 

O  <  KOI? 

im  1  » 

6.35 

21365. 

7.85 

28180. 

7.00 

25825. 

6.65 

25155. 

8.20 

32075. 

7.35 

28440. 

6,95 

27090. 

9.10 

42120. 

7.55 

30375 . 

7.15 

29060. 

9.65 

47930. 

7.95 

33305, 

7.40 

31110. 

9.80 

49845. 

8.50 

37085. 

7.80 

35080. 

10.15 

54115. 

8.75 

39115. 

8.05 

37070, 

10.75 

61270. 

9.35 

43115. 

8.35 

39060. 

10.95 

63260. 

9.85 

46610. 

8.95 

43100. 

11.35 

66370. 

10.35 

48635. 

9.15 

45095. 

11.85 

70150. 

10.65 

51170. 

9.65 

49110. 

12.05 

72150. 

11.65 

55730. 

10.25 

53075. 

12.50 

76175. 

12.05 

57750. 

10.70 

55090. 

13.05 

80340. 

12.85 

61720. 

11.35 

59105. 

13.30 

82250. 

13.90 

65540. 

11.80 

61615. 

13.95 

86730. 

14.30 

67285. 

12.15 

63080. 

14.30 

88880. 

15.35 

71170. 

12.60 

65065. 

15.00 

93000. 

15.90 

72900. 

12.95 

67090. 

15.30 

94815. 

16.95 

76355. 

13.40 

68915. 

15.65 

96 660 , 

17.80 

78485. 

14.45 

73075. 

16.80 

103050. 

18.25 

79730. 

15.45 

77090. 

17.50 

106470. 

18.80 

81075. 

15.95 

79105. 

18.80 

112495. 

19.50 

82670. 

17.20 

83195. 

19.30 

114415. 

20.40 

84795. 

17.85 

85245. 

19.70 

116595. 

21.40 

86810. 

18.45 

87175. 

20.25 

118985. 

23.05 

90120, 

19.85 

91090. 

21.35 

122640. 

24.15 

92090. 

20.65 

93195, 

23.80 

130730. 

25.55 

94100. 

nn  4  or, 

AA  t  Am 

97235. 

25.30 

135590. 

26.30 

95085, 

23,05 

99115. 

25.80 

136850. 

28.00 

97405. 

23,95 

101100. 

26.20 

138220. 

28.65 

98290, 

25,15 

103110. 

26.90 

140080. 

29.65 

99435. 

26,20 

105125. 

27.30 

141190. 

32.75 

102335, 

27.30 

107100, 

28,40 

144220. 

34.05 

103570. 

29,75 

111125. 

28.80 

145310, 

37.45 

106295, 

34.60 

117315. 

29.30 

146470. 

40 , 25 

108600. 

36.20 

119085, 

32.00 

152670. 

42.05 

109550. 

40.65 

123450, 

34,00 

157120. 

44.20 

110695. 

42.75 

125090. 

35.10 

15V370. 

46.45 

111880. 

45.35 

127080. 

36.20 

161450. 

48 . 75 

112840. 

48.55 

129060. 

36.70 

162400. 

82.15 

114255. 

51 ,15 

130570. 

37.30 

163590. 

5o » c>5 

115355. 

38.50 

165590. 

58.20 

116100. 

Tab. 2a  - 

Results  of 

constant 

amp! i tude-f 1  at 

specimens 

tests . 

PISA  UNIV  (ITALY)  INST  OF  AERONAUTICS  F/G  1/3 

THE  FATIGUE  CRACK  GROWTH  UNDER  VARIABLE  AMPLITUDE  LOADING  IN  BU — ETC(U) 
APR  82  A  SALVETTI.  G  CAVALLINI »  L  LAZZERI  DA-ERO-78-G-107 

NL 


2  ,w  2 


AD-A119  764 

UNCLASSIFIED 


Test  GFL-7 


Test  DFL  4 


Test  OFL-2 


A 

N 

A 

mm 

cades 

nuii 

5  «  35 

12910. 

8.15 

6.40 

24440. 

8.55 

6.70 

27655. 

8,95 

6.95 

29845. 

9.30 

7.85 

37210. 

9.65 

D.50 

44525. 

10.35 

9,25 

49690. 

10.60 

10.10 

55565. 

10.85 

10.75 

60495. 

11.10 

11.30 

64080. 

11.80 

11.60 

65865. 

12.15 

11.90 

67655. 

12.70 

12.55 

71100. 

13.65 

13.10 

73955. 

14.55 

14.45 

80735. 

14.85 

14.90 

83030. 

15.60 

15.60 

86160. 

16.55 

16.20 

88525. 

18.50 

16.55 

89885 . 

18.90 

17.25 

92495. 

19.45 

17.70 

94020. 

20.00 

18.50 

96625. 

20.50 

19.80 

100500. 

21.55 

20.40 

102280, 

22.20 

20.90 

103610. 

22.85 

21.75 

105860, 

23.60 

22 . 20 

106890. 

25.30 

22.75 

108105. 

27.10 

23.25 

109460. 

28.85 

24 . 40 

112015. 

30,40 

25 . 95 

114980. 

31.00 

27.30 

117455. 

31.75 

27.85 

118385. 

33.85 

29.05 

120400, 

34.75 

30 . 50 

122535. 

35.75 

31.45 

123675, 

36 , 55 

33.45 

126175. 

39 , 00 

34.65 

127495, 

41.30 

36.50 

129500. 

42.70 

38.60 

131525. 

44.35 

39.90 

132650, 

46,05 

41.40 

133725. 

47.50 

45 . 95 

136930. 

48,90 

48.25 

138240. 

50,35 

50 . 40 

139280. 

54.00 

82 . 65 

140435. 

56.10 
58.55 

61 . 10 
63.80 

N 

cades 

A 

mm 

rl 

cycles 

16170. 

16.10 

4835. 

20100. 

16.85 

10175. 

24230. 

17.40 

14295. 

28120. 

18.05 

18385. 

32620 ♦ 

18.85 

23910. 

37660. 

19.45 

28585. 

40195. 

20.05 

32135. 

42615. 

20.70 

36895. 

45085. 

21.40 

40175. 

50120. 

22.25 

44300. 

52670. 

22.85 

40330. 

53150. 

23.50 

51580, 

62680. 

24.10 

54500. 

68600. 

24.75 

57655, 

70300. 

25.45 

60470. 

74410. 

26.10 

63520. 

79240. 

26.85 

66430. 

87730. 

27.55 

69435. 

89395. 

28.  15 

7209 5 . 

91420. 

28.90 

74585. 

93455. 

29.65 

77330. 

95335. 

30.50 

80305. 

99220. 

31.45 

83755. 

101395. 

32.20 

86255. 

103315. 

33.40 

89885. 

105450. 

34.60 

93035. 

109980, 

35.65 

95915. 

114220. 

36.55 

98265. 

117875. 

37.50 

100715. 

120920. 

39.20 

104965, 

122010, 

40.75 

107320 

123160. 

42.40 

111150, 

126395. 

43.50 

1 13180 

127770. 

45.15 

116310 

129170. 

46.35 

118155 

130215. 

48.25 

121075 

133290. 

49.80 

123115 

135870. 

51.35 

125075 

137100. 

53.10 

127125 

138610. 

55.80 

130140 

140050. 

57.75 

132075 

141090. 

59.95 

134095 

142095, 

62.35 

136140 

143070. 

65.10 

138105 

145210. 

68.00 

140080 

146330. 

71.50 

142130 

147425. 

75.30 

144115 

148445. 

80.00 

146095 

149475. 

85.75 

148090 

Tab. 2a  -  Continued. 
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[eat 

or  L  10 

r* 

(4 

WM 

cwcles 

24. *0 

8755. 

15563. 

20 .  u.0 

19165. 

iO  *  Ob 

23795. 

20 »  /  0 

29205. 

27.  10 

33680. 

27 . 00 

37335. 

27 .  -,'0 

40860. 

28.40 

45600. 

29.00 

50680 . 

29 .  -*5 

54795. 

2o  *  05 

60805 . 

30  <  70 

6641 o . 

oi .  iO 

70055. 

21  •  ^0 

74495. 

32.  JO 

78910. 

32 . 70 

63295. 

33 .  jO 

68865 . 

34 . 00 

92165. 

34 . 33 

96430. 

35.13 

100500. 

35.93 

1 05ci20 , 

36 . 30 

109715. 

37.25 

114415. 

37 . 95 

118615. 

3u  .  aO 

122390. 

39 . 40 

126325. 

39 . 90 

129615. 

40 . 55 

133260. 

41.40 

137685. 

42.20 

142215. 

43.20 

146835. 

44.70 

153530. 

46.20 

160100. 

47.43 

166220. 

49.03 

172435. 

50 . 63 

178745. 

52 . 45 

185250. 

34.03 

190865. 

55.85 

196700. 

3  7  *  0 

202845. 

59 . 75 

200700. 

o2.25 

214860. 

64,33 

221025. 

it? .  00 

226805. 

69 . 90 

232760. 

72 . 95 

238840. 

76 . 33 

245750. 

30 . 85 

251465. 

I  e  S  i.  6  f  L  "  1  3 


A 

N 

mill 

CSC le» 

35 . 30 

7250 . 

35.85 

9705. 

36.30 

11870. 

37 . 00 

14750. 

37.50 

17175. 

38.00 

19190. 

38.70 

22085. 

39.30 

24555. 

39.95 

27085. 

40  ♦  65 

29615. 

41.20 

31450. 

41.80 

33105. 

42.25 

34820. 

42.90 

36850. 

43.65 

39205. 

44.25 

40935. 

44 . 90 

43665. 

45.60 

45465 . 

46.45 

47885. 

47.20 

50295. 

48.00 

52425. 

48.80 

54750. 

49 . 70 

56805. 

50 . 90 

59505 . 

51.65 

61215. 

52 . 65 

63340. 

33.05 

66215 . 

55.50 

69350. 

56 . 75 

71665. 

58.35 

74005. 

59 . 75 

76155. 

61. 45 

78690. 

6  3  ♦  1 0  . 

80930. 

64 . 95 

33940. 

67.00 

86775. 

69.05 

89395. 

71.40 

92085. 

73.50 

94075. 

76 .  SO 

96860 . 

80.00 

99820. 

83.50 

104220. 

89 . 90 

107720. 

94.70 

109550, 

98.00 

110830, 

102.00 

112000. 

104.20 

112690. 

106. 30 

115180. 

107.86 

113590. 

Test  OIL  12 
A  N 


mni 

C  S  l.  1  e  a 

40.40 

10135. 

41.30 

15140. 

42 . 55 

22655. 

43.05 

26225. 

44.45 

34185. 

46.20 

42620. 

47.85 

51135. 

43.25 

54025. 

49.40 

59470. 

50.85 

65100. 

51.60 

69030. 

52.95 

75295. 

54.20 

79890. 

55 , 75 

85240. 

57.40 

91360. 

58.35 

93960. 

59.10 

96260. 

60 . 25 

99465. 

61  •  65 

103320. 

63 » 50 

108540. 

64 . 05 

110420. 

64 . 9  j 

112345. 

65.80 

114793. 

67 . 05 

117950. 

68.00 

120520. 

69 . 25 

123515. 

70.45 

126010. 

71.45 

128550 . 

72.80 

131420. 

73.75 

133165. 

74.95 

135570. 

76 . 85 

138840. 

73 . 40 

141310. 

79.40 

142590. 

80.35 

144200. 

31.60 

146210. 

83.10 

148205. 

84.40 

150145. 

85.90 

152140. 

87.05 

153415. 

89.30 

155870. 

90 . 70 

157245. 

93 . 00 

159580. 

95 . 25 

161590. 

97.25 

163250. 

100.35 

165340. 

102.55 

166840. 

105.65 

168600 . 

109.15 

170420. 

Tab. 2a  -  Continued 
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Test 

GFL-11 

A 

N 

»* 

cycles 

44 

.65 

21535. 

45 

.25 

26820. 

46 

.05 

34190, 

46 

.  65 

40000. 

47 

.25 

45705. 

48 

.00 

53055. 

48 

.55 

57825. 

48 

.95 

60930. 

49 

.30 

63450. 

49 

.90 

69100. 

50 

.35 

72445. 

51 

.05 

79070. 

51 

.  55 

82565. 

52 

.10 

86905. 

52 

.50 

89055. 

52 

.90 

91095. 

53 

.  55 

95990. 

54 

.20 

101405. 

54 

.65 

103675. 

55 

.25 

107885. 

55 

.95 

112755. 

56 

.40 

115930. 

57 

.20 

121410. 

58 

.30 

128310. 

59 

.25 

133095. 

59 

.70 

135615. 

60 

.50 

140910. 

61 

.70 

146380. 

62 

.70 

151620. 

63 

.35 

154590. 

64 

.  55 

161430. 

65 

.95 

168040. 

67 

.25 

174875. 

69 

.25 

183195. 

71 

.05 

190605. 

73 

.30 

199125. 

76 

.85 

210900. 

80 

.30 

221075. 

82 

.00 

225965, 

84 

.15 

231645. 

86 

.00 

236585. 

88 

.00 

240945, 

90 

.00 

245320. 

93 

.00 

250830. 

98 

.90 

259050. 

101 

.00 

261970. 

102 

.70 

264300, 

103 

.10 

264750. 

105 

.10 

267650. 

106 

.00 

268950. 

Tab. 2a  -  Concluded 


Test  GFF1 


Test  GFF7-D 


Test  GFF7-E 


A 

F 

A 

F 

A 

F 

Mm 

Flights 

mm 

Flights 

mm 

Flights 

15,15 

0. 

15.10 

0. 

15.05 

0. 

16.65 

46. 

15.85 

50. 

15.85 

50. 

17.05 

88. 

16.20 

100. 

16.80 

100. 

17.45 

132. 

16.95 

150. 

17.05 

150. 

10.25 

181. 

17.90 

200. 

18.00 

200. 

18.75 

218. 

18.95 

300. 

18.70 

250. 

19.40 

250. 

20.20 

400. 

19.05 

300. 

19.55 

300. 

20.85 

450. 

19.70 

350. 

19,80 

350. 

21.10 

511. 

20.35 

400. 

20.35 

400. 

21.45 

550, 

21.10 

450. 

21.05 

450. 

21.95 

600. 

21.45 

500. 

21.15 

500. 

22.85 

700. 

22.05 

550. 

21 .50 

550. 

23.25 

750. 

22.40 

600. 

22.00 

600. 

23.95 

800. 

23.25 

650. 

22.65 

650. 

24.65 

850. 

23.55 

700. 

22.90 

700. 

25.20 

900. 

23.85 

750. 

23.15 

750. 

25.95 

1000. 

24,50 

800. 

23.80 

800. 

26.95 

1050. 

25.20 

850. 

24.70 

904. 

27.35 

1100. 

25.70 

900. 

25.70 

1010, 

27.55 

1150. 

26.25 

950. 

26,65 

1112. 

28.70 

1200. 

27.00 

1000. 

27.75 

1200, 

29,70 

1250. 

28.20 

1050. 

28.85 

1300. 

30,15 

1300. 

28.60 

1100. 

30.35 

1400. 

30.80 

1350. 

29.20 

1150. 

31.75 

1491. 

32,10 

1400. 

30.20 

1200. 

33.10 

1573. 

33.60 

1450. 

31.55 

1250. 

35.05 

1656. 

34.15 

1500. 

32.50 

1300. 

35.80 

1738. 

35.00 

1550. 

33,50 

1350, 

37,95 

1808. 

37.00 

1600. 

35.60 

1400. 

39,85 

1870, 

39.20 

1650. 

38.10 

1450, 

41.10 

1937. 

39.60 

1703. 

38.70 

1500. 

43,95 

2001, 

40.80 

1750. 

40.05 

1550, 

46,65 

2056. 

43.40 

1800. 

44.10 

1600. 

47,70 

2114. 

46.90 

1850. 

48,60 

1650. 

52.10 

2179. 

48.00 

1900. 

50.40 

1700. 

58.30 

2249, 

50.20 

1950. 

54.40 

1750. 

60.45 

2308. 

55.40 

2000. 

64.40 

1800. 

69,45 

2365. 

62.50 

2050. 

81,90 

1850. 

78 . 50 

2414. 

65.50 

2100, 

Tab. 2b 
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Test  0FF7-F 
A  F 

Flights 


Test  GFF5 


Test  GFF3 


F 

Flights 


F 

FI iahts 


10.95 

11.80 

12.40 

12.70 

12.85 

13.05 

13.35 

13.60 

13.80 

14.60 

14.90 

15.15 

15.40 

15.75 

16.30 

16.95 

17.20 

17.65 
18.05 

18.25 

18.60 

18.85 

19.25 

20.10 

20.45 

21.00 

21.15 

21.85 

22.95 

23.25 

23,55 

23.90 

24.10 

24.40 

25.10 

25.50 

25.90 

26.25 

26.95 
27  ♦  25 
27 . 60 
28.20 
29 . 25 
29 . 45 
30.05 

31.10 

;<2 , 40 

S2 . 80 
33.30 
\4 . 95 


0. 

150. 

204. 

250. 

300. 

350. 

400. 

450. 

550. 

750. 

800. 

850. 
950. 
1000. 
1100. 
1200. 
1250. 
1550. 
1600. 
1650  ♦ 
1800. 
1950. 
2150. 
2300. 
2400. 
2550. 
2600. 
2750. 
2950. 
3000. 
3050. 
3100. 
3150. 
3200. 
3250. 
3300. 
3350. 
3400. 
3450. 
3500. 
3550. 
3600. 
3650. 
3700. 
3750. 
3800 . 
3850. 
3900 . 
3950 . 
4000 


11.05 

11.75 

11.95 

12.30 

12.60 
13.00 

13.50 

13.90 

14.25 

14.60 

14.75 

15.10 

15.45 

15.65 
16.05 

16.35 

16.70 

16.90 

17.20 

17 .55 

17.85 

18.10 

18.45 

18.80 
19,05 

19,40 

19.70 

20.10 

20.45 

20.85 

21.15 

21.45 

21 .85 

22.40 

22.90 

23.35 
24.00 

24.50 

25.20 

25.90 

26.90 

27.80 

28.90 

29.85 

31 .55 

32.85 
34.75 
<6 . 75 
39  85 
43  V- 


0. 

54. 

100. 

150. 

202. 

300. 

400. 

500. 

600. 

700. 

800. 

900. 
1000. 
1100. 
1200. 
1300. 
1400. 
1500. 
1600. 
1700. 
1800. 
1900. 
2002. 
2100. 
2200. 
2305. 
2407. 
2500. 
2600. 
2700. 
2800. 
2901. 
3000. 
3100. 
3200. 
3300. 
3400. 
3500. 
3600. 
3700. 
3800. 
3903. 
4003. 
4100. 
4200. 
4300. 
4400. 
4500, 
4600 « 
4700. 


11.35 

11.55 

12.10 

12.50 

12.95 

13.50 

13.95 

14.50 
15.00 

15.35 

15.85 

16.30 

16.75 

17.20 

17.80 

18.40 
19.00 
19  *  65 

20.25 

20.85 

21.45 

22.25 

22.95 

23.70 

24.40 

25.20 

26.10 

27.45 

28.60 

30.10 

31.85 

34.45 

37.30 

41.95 

47,25 

58.65 
72.00 


0. 

18. 

38. 

100. 

151 . 
204. 
306. 
400. 
500. 
600. 
700. 
800. 
900. 
1000. 
1100. 
1200. 
1298. 
1400. 
1500. 
1604. 
1688. 
1804. 
1913. 
2017. 
2101. 
2201. 
2300. 
2400. 
2500. 
2600. 
2700. 
2800. 
2900. 
3000. 
3100. 
3200. 
3250. 
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Test  GFF6  Test 


A 

F 

A 

Mill 

Flights 

null 

11.20 

0. 

11.30 

11.95 

50. 

12.00 

12.15 

100. 

12.35 

12.45 

150. 

13.20 

12.75 

200. 

13,60 

13.15 

300. 

14.10 

13.80 

400. 

14.55 

1*4.05 

500. 

15.05 

14.50 

600. 

15.35 

14.85 

700. 

15,70 

15.20 

800. 

16.00 

15.60 

900. 

16.25 

16.00 

1000. 

16.55 

16.30 

1100. 

16.95 

16.65 

1200. 

17.30 

16.95 

1300. 

17.60 

1 7 . 20 

1400. 

18.00 

17.75 

1500, 

18.40 

18.05 

1600. 

18.75 

18.60 

1700. 

19.20 

19.05 

1800. 

19.60 

19.30 

1900. 

20,05 

19.95 

2000. 

20.35 

20.35 

2100. 

20,80 

21.05 

2200. 

21.25 

21.50 

2336. 

21.65 

?  •  15 

2400. 

22.20 

22.75 

2500. 

22.70 

23.35 

2600. 

23.15 

24.10 

2704. 

23,75 

25.05 

2800. 

24.25 

25.85 

2900. 

25.00 

26.90 

3000. 

25,70 

27.95 

3103, 

26.40 

29.35 

3200. 

26.95 

30.80 

3300. 

27.80 

32.80 

3400. 

28.90 

34.40 

3500. 

30.00 

37.20 

3600. 

31.05 

40.10 

3700. 

32.70 

45.30 

3800. 

34.35 

51.20 

3900. 

36.95 

39.50 

43.60 

48 . 25 

58.25 
68.75 

GFF  2 

Test 

GFF  4 

F 

A 

F 

Flights 

mm 

FI i ghts 

0. 

11.30 

0. 

43. 

11.50 

18, 

100. 

12.15 

51 . 

200. 

12.60 

104. 

300. 

12.95 

150. 

400. 

13.50 

200. 

500. 

14.15 

300. 

618. 

14.70 

400. 

713. 

15.20 

500. 

800. 

15.80 

609. 

900. 

16.30 

700. 

1000. 

16.70 

800. 

1100. 

17.30 

902. 

1201. 

17.80 

1000. 

1300. 

18.40 

1100. 

1401. 

18.95 

1200. 

1505. 

19.50 

1304. 

1600. 

20.25 

1400. 

1700. 

20.85 

1500. 

1800. 

21.55 

1600. 

1900. 

22.35 

1700. 

1998. 

23.25 

1800. 

2100. 

24.25 

1900. 

2198. 

25.40 

2000. 

2299. 

26.60 

2100. 

2385. 

28.50 

2200. 

2489. 

30.15 

2300. 

2602. 

32.40 

2402. 

2704. 

35.15 

2500. 

2799. 

39.40 

2600. 

2902. 

44.20 

2707. 

3000. 

53.90 

2801. 

3100. 

3200. 

3300. 

3407. 

3507. 

3600. 

3700. 

3800. 

3900. 

4000. 

4100. 

4200. 

4300. 

4400. 

4450. 
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Test  OFF 7  Test 


A 

F 

A 

mm 

Flights 

mm 

11.05 

0. 

8.35 

12.05 

50. 

9.00 

12.30 

98. 

9.30 

12*65 

150. 

9.45 

13.10 

204. 

9.75 

13.70 

300. 

10.95 

14.15 

400. 

11.25 

14.55 

500. 

11.55 

14,85 

600. 

11.85 

15.20 

700. 

12.30 

15,60 

800. 

12.85 

16,00 

900. 

13.35 

16,25 

1000. 

13.95 

16.60 

1100. 

14.65 

16.95 

1200. 

15.20 

17.30 

1350. 

15.90 

17.90 

1550. 

16.75 

18.85 

1750. 

17,30 

19.60 

1950. 

18.00 

20,20 

2150. 

18.75 

21.15 

2350, 

19.35 

22,15 

2550, 

20.00 

23.40 

2750. 

20,75 

24,85 

2950. 

21.30 

26.55 

3150, 

22.00 

28.85 

3350. 

22.70 

31.90 

3550. 

23.30 

36.85 

3750. 

24.30 

39.45 

3800. 

25.25 

43.60 

3900. 

26.65 

51.30 

4000. 

28.30 

58.95 

4050. 

30.35 

62.10 

4100. 

33.50 

GFF7-A 

Test 

GFF7--B 

F 

A 

F 

Flights 

mm 

Flights 

0. 

8.10 

0. 

150. 

8.30 

i  00  v 

200. 

8.95 

200. 

300. 

9.60 

350. 

400. 

10.25 

550. 

610. 

10.70 

750. 

800. 

11.15 

950. 

1000. 

11.70 

1150. 

1200. 

11.95 

1250. 

1400. 

12.30 

1350. 

1600. 

12.65 

1550. 

1800. 

13.00 

1750. 

2000. 

13.50 

1950. 

2200. 

14.05 

2150, 

2400. 

14.45 

2350. 

2600. 

14.90 

2550, 

2800. 

15.55 

2750. 

3000. 

16.15 

2950. 

3200. 

16.65 

3150. 

3400. 

17.25 

3350. 

3600. 

18.00 

3550. 

3800. 

18.70 

3750. 

4017. 

19.40 

3950. 

4200. 

20.30 

4150. 

4400. 

21.30 

4350. 

4550. 

22.50 

4550. 

4750. 

23.85 

4750. 

4950. 

2S.40 

4950. 

5150. 

26.90 

5050. 

5350. 

27.50 

5150. 

5550. 

29.30 

5250. 

5750. 

30.20 

5350. 

5950. 

32.95 

5450. 

34.25 

5550. 

38.95 

5652. 

41.40 

5750. 

50.80 

5850. 

Tab. 2b  -  Continued. 
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feat  GFF7-C 


A 

F 

mm 

FI  iahts 

7.85 

0. 

8.40 

1 00 . 

8.60 

150. 

9.20 

250. 

9.25 

304. 

9.65 

400. 

10.00 

600. 

10.45 

700. 

11.15 

950. 

11.65 

1150. 

12.15 

1350. 

12.60 

1550. 

12.85 

1650. 

13.05 

1750. 

1.3 . 45 

1850. 

13.55 

1950. 

14.20 

2150. 

14.60 

2350. 

15.15 

2550 . 

15.65 

2750. 

16.15 

2950 . 

16.80 

3150. 

17.40 

3350 . 

18,05 

3550. 

18.70 

3750. 

19.45 

3950. 

20.25 

4150. 

21.10 

4350. 

22.20 

4550. 

23.20 

4750. 

23.90 

4850. 

24.50 

4950. 

25.40 

5050. 

25.70 

5150. 

26.80 

5250. 

27.10 

5350. 

28 ,10 

5450. 

28 , 65 

5550 . 

31  .90 

5850. 

32.55 

5950 . 

34.65 

6050. 

35.60 

6150. 

40.15 

6350. 

45.15 

6450. 

46.00 

6500 . 

51.85 

6600 , 

Tab. 2b  -  Continued 
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Test 

GFF9 

Test 

QFF10 

Test 

OFF  11 

A 

F 

A 

F 

A 

F 

mm 

Flights 

it* 

Flights 

** 

FI iahts 

4.15 

0. 

4.25 

0. 

4.15 

0. 

4.25 

50. 

4,55 

50, 

4.25 

50. 

4.40 

100. 

4.70 

104. 

4.35 

100. 

4.55 

150. 

5.20 

200. 

4.55 

150. 

4.75 

202. 

5.35 

250. 

4.75 

202. 

4.95 

300. 

5.45 

300. 

4.90 

312. 

5.20 

400. 

5,60 

400. 

5.15 

400. 

5.45 

501. 

5.70 

500. 

5.35 

500. 

5.70 

600. 

5.80 

600. 

5.70 

600. 

5.90 

700. 

6.10 

700. 

6.00 

700. 

6.10 

800. 

6.35 

800. 

6.20 

800. 

6.30 

900. 

6.55 

900. 

6.60 

900. 

6.55 

1000. 

6.80 

1000. 

6.95 

1000. 

6.90 

1100. 

7.00 

1100. 

7.30 

1100. 

7.20 

1200. 

7.10 

1140. 

7.70 

1200. 

7.45 

1300. 

7.20 

1200. 

8.10 

1300. 

7.85 

1400. 

7.50 

1300. 

8.55 

1400. 

8.10 

1500. 

7.70 

1404. 

9.00 

1500. 

8.50 

1600. 

8.00 

1504. 

9.55 

1600. 

8.90 

1700. 

8.30 

1600. 

10.00 

1700. 

9.20 

1800. 

8.40 

1700. 

10.65 

1800. 

9.75 

1900. 

8.45 

1801. 

11.20 

1900. 

10.30 

2000. 

8.70 

1900. 

12.05 

2000. 

10.75 

2100. 

8.95 

2000. 

12.80 

2100. 

11.45 

2200. 

9,05 

2100. 

13.95 

2200. 

12.05 

2300. 

9,35 

2200, 

15.10 

2300. 

13.00 

2400. 

9.60 

2301. 

16.85 

2400. 

14.00 

2500. 

10,00 

2400. 

18.85 

2500. 

15.25 

2600. 

10,25 

2510. 

22.30 

2600. 

16.55 

2700. 

10.55 

2600. 

26.90 

2700. 

18.50 

2800, 

10.85 

2700. 

38.30 

2800. 

20.70 

2900, 

11.40 

2810. 

24.85 

3000. 

11.75 

2912. 

30.15 

3100, 

12.20 

3000. 

12.55 

3100. 

13.10 

3200. 

13.55 

3300. 

14.00 

3400. 

14.55 

3500. 

15.55 

3600. 

16.55 

3700. 

17.90 

3801. 

19,40 

3900. 

21,85 

4000. 

24.75 

4100. 

30.10 

4200. 
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Test  GFF12 


T*«t  GFF13 


A 

F 

mm 

Flight* 

4.25 

0. 

4.50 

50. 

4.65 

100. 

4.90 

150. 

5.15 

203. 

5.50 

300. 

5.80 

400. 

6.00 

500. 

6.40 

603. 

6 . 50 

712. 

6.90 

802. 

7.10 

900. 

7.50 

1000. 

7.85 

1100. 

8.10 

1200. 

8.35 

1300. 

8.70 

1400. 

8.95 

1500. 

9.25 

1600. 

9.65 

1711. 

9.80 

1800. 

10.30 

1900. 

10.75 

2003. 

11.30 

2100. 

11.80 

2200. 

12.35 

2300. 

13.05 

2401. 

14.05 

2500. 

14.95 

2600. 

16.05 

2700. 

17.00 

2800. 

19.05 

2900. 

21.80 

3000. 

25.65 

3100. 

35.05 

3200. 

A 

F 

»» 

Flights 

4.35 

0. 

4.50 

50. 

4.65 

100. 

4.80 

150. 

5.05 

200. 

5.40 

302. 

5.75 

400. 

6 . 05 

501. 

6.40 

611. 

6.80 

701. 

7.05 

800. 

7.55 

900. 

8.00 

1000. 

8.40 

1100. 

8.85 

1200. 

9.40 

1300. 

10.15 

1400. 

10.65 

1500. 

11.55 

1600. 

12.25 

1700. 

13.40 

1800. 

14.55 

1900. 

16.15 

2000. 

17.90 

2100. 

21.10 

2200. 

24.95 

2300. 

34.15 

2400. 

93 


Test 

0FH2 

Test  GFM3 

Test  i 

BFM4 

A 

F 

A 

F 

A 

r 

mm 

Flights 

mn 

F lights 

Alb 

FI  iahts 

10,40 

0. 

12.20 

0. 

11.15 

0. 

11,30 

560. 

13,75 

560. 

12,30 

500. 

11.70 

1080. 

14.35 

1080. 

12.80 

1080. 

12.05 

1600. 

14.95 

1600. 

13,25 

1600. 

12,60 

2162. 

15.65 

2162. 

14.00 

2162. 

12,90 

2754. 

16.05 

2754. 

14.15 

2647. 

15.30 

3166. 

16.80 

3166. 

14.85 

3087 . 

13.45 

3728. 

17.00 

3728. 

15.00 

3578. 

13.55 

4000, 

17.30 

4000. 

15.20 

4000. 

13.70 

4500. 

17.50 

4500. 

15.40 

5080. 

13.80 

5060. 

18.30 

5080. 

16.20 

6162. 

13.90 

5600. 

19.40 

6162. 

16.80 

7087 . 

14.25 

6162. 

19,90 

7087. 

17.15 

8000. 

14,40 

6647. 

20.25 

8047. 

17.45 

9080. 

14.75 

7087. 

21,45 

9080 . 

18.05 

10162. 

14.95 

7578. 

22.55 

10162. 

18.80 

11087. 

15.05 

8031. 

23.10 

11087. 

19.20 

1'  00. 

15.20 

9080. 

23.50 

12000. 

19.45 

1  oO , 

15.60 

10162. 

25.05 

13080. 

20.40 

1  62. 

15.95 

11087. 

26.55 

14162. 

21.30 

1 

16.40 

12000. 

27.05 

15087. 

21.55 

1  '0, 

16.55 

13080. 

27.60 

16005. 

21.90 

•  *\ 

,  t 

17.30 

14162. 

29.40 

17080. 

22 . 95 

1 

17.70 

15087. 

31,25 

18162. 

23.80 

1  v  U  7  . 

17.90 

16000, 

32.00 

19087. 

24.35 

20000. 

18.05 

17189. 

33.10 

20008 . 

24.90 

21262. 

18.85 

18214. 

35.55 

21080. 

26.30 

22239 . 

19.30 

19087. 

38.35 

22162. 

27.65 

23087. 

1.9.70 

20099. 

39,70 

23087. 

28.40 

24065. 

19.90 

21107. 

41.60 

24000. 

29.00 

25080. 

20.65 

22162. 

45.05 

25203. 

31.10 

26162. 

21,40 

23183. 

50.25 

26162. 

33.00 

27087. 

21.55 

24000. 

53.50 

27087. 

33.80 

28000. 

21.85 

25080. 

56.80 

28000. 

34.85 

29080. 

22.70 

26162. 

66 . 80 

29080. 

37.70 

30162. 

23.40 

27087. 

40.65 

31087. 

23.75 

28000. 

42.30 

32000 . 

24.00 

29080. 

44.10 

33080. 

24.85 

30162. 

48.65 

34162. 

25.75 

31087. 

56.55 

35087. 

26 . 25 

32000. 

61.45 

36O00. 

26.65 

33080. 

28 . 20 

3 4 1 6 2  • 

29 . 45 

35087 . 

30 . 10 

3o0Q2. 

30  .  4o 

37080. 

32.4o 

38647. 

33 . 95 

39087. 

24 .  o3 

40000. 

35 . 50 

41080. 

3? .  75 

42162. 

3V .  80 

43087. 

40.85 

44000. 

Tab.2c  - 

Results 

of  flat  panels 

tests  under 

MINITWIST 

spectrum 

loading. 
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Test  GFM5  Test 


A 

F 

A 

mm 

Flights 

mm 

.1.15 

0. 

11.25 

12.40 

500. 

12.35 

i  3 . 10 

1080. 

12.75 

13.60 

1600. 

13.20 

14.35 

2162. 

13.85 

14.70 

2647. 

14.10 

15.35 

3087. 

14.70 

15.55 

3578, 

14.85 

15.75 

4000. 

15,10 

16.10 

5080. 

15.35 

17.05 

6162. 

16.10 

17.85 

7087. 

16.95 

18.20 

8047. 

17.15 

18.65 

9080. 

17.50 

19.55 

10162. 

18.40 

0.10 

11087, 

19,15 

0.95 

12000, 

19.50 

.1,45 

13080. 

19.75 

.2.70 

14162. 

21.00 

J3.85 

15087. 

21.05 

;  4.45 

16000. 

22.40 

25.20 

17080. 

22.85 

16.75 

18162. 

24.10 

,:8.50 

19087. 

25.30 

19.45 

20000 . 

25.90 

jO  •  15 

21080. 

26.40 

,2.65 

22162. 

28.00 

.5.40 

23087 . 

29.60 

^>6,70 

24000. 

30.30 

38,10 

25080. 

31.00 

42.00 

26211. 

33.10 

46,40 

27087. 

35.25 

49.45 

28000. 

36.15 

52.80 

29080. 

37.20 

61.30 

30211. 

39.95 

42,85 

44,35 

45.95 

50.25 

50.75 

64,05 

70,60 


GFM6  Test  GFM7 


F 

A 

r 

Flights 

mm 

Flights 

0. 

11.25 

0. 

560. 

12.25 

500. 

1080. 

12.70 

1080. 

1600. 

13.10 

1600. 

2162. 

13,25 

2162. 

2754. 

14.00 

2647. 

3187. 

14.70 

3087. 

3578. 

14.85 

3578. 

4006, 

15.10 

4000. 

5080, 

15.30 

5080. 

6162. 

16.10 

6162. 

7087. 

16.80 

7087. 

8000. 

17.20 

8000. 

9080. 

17.50 

9080. 

10162. 

18.40 

10162. 

11087. 

19.15 

11087, 

12000. 

19.60 

12033. 

13080. 

20.00 

13080. 

14162. 

21.15 

14162. 

15168. 

22.15 

15087. 

16000. 

22.70 

16000. 

17080. 

23.05 

17080. 

18197. 

24,45 

18162. 

19227. 

25.60 

19087. 

20000. 

26.10 

20000. 

21116. 

26.75 

21060. 

22162. 

28.40 

22428. 

23087. 

29.95 

23087. 

24000, 

30.65 

24000. 

25080, 

31.25 

25080. 

26162. 

33.25 

26162. 

27087. 

35.35 

27087. 

28000. 

36.10 

28000. 

29080. 

37.05 

29080, 

30162, 

40.05 

30408, 

31087. 

42.40 

31087. 

32000. 

43.65 

32000, 

33080, 

45.35 

33080, 

34162. 

48.90 

34162. 

35087. 

54.15 

35087. 

36000. 

59.55 

36000. 

37080. 

65.55 

37080. 

Tab. 2c  -  Continued. 
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Test  GFM9 


A 

F 

mm 

Flights 

2.70 

0. 

3.00 

500. 

3. 45 

1080. 

3.60 

1600. 

4.20 

2162. 

4.60 

2650. 

•J.  25 

3080. 

J.65 

3580. 

i.OO 

4000. 

o .  65 

5080. 

J.4Q 

6162. 

1.15 

7087. 

4.55 

8000. 

’ .  05 

9080. 

.  00 

10162. 

Test  GFM10 


A 

F 

mm 

Flights 

2.60 

0. 

3.20 

500. 

3.65 

1080. 

4.00 

1600. 

4.85 

2162. 

5.30 

2650. 

5.95 

3080. 

6.50 

3580. 

6.90 

4000. 

7.55 

5080. 

9.25 

6162. 

11.80 

7080. 

14.20 

8000. 

17.85 

9080. 

32.35 

10162. 

Test  GFlill 


A 

F 

M 

Flights 

2.70 

0. 

3.25 

500. 

3.65 

1080. 

4.15 

1600. 

4.90 

2162. 

5.45 

2650. 

6.25 

3080. 

6.75 

3580. 

7.10 

4000. 

8.05 

5080. 

8.50 

5600. 

9.90 

6162. 

10.95 

6650. 

12.90 

7080. 

14.70 

7580. 

17.05 

8000. 

19.55 

8500. 

23.75 

9080. 

Tab. 2c 


Continued . 
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Test 

0FM12 

Test 

GFM13 

Test 

A 

F 

A 

F 

A 

mm 

Flights 

mm 

Flights 

•ft 

2.60 

0. 

2.70 

0. 

2.65 

3.00 

618. 

3.10 

500. 

3.20 

3.45 

1080. 

3.50 

1080. 

3.65 

3.70 

1600. 

3.80 

1600. 

4.00 

4.25 

2162. 

4.25 

2162. 

4.60 

4.60 

2650. 

4.60 

2650. 

5.05 

5.35 

3080. 

5.35 

3080. 

5.95 

5.60 

3580. 

5.65 

3580. 

6.35 

6.00 

4000. 

6.00 

4000. 

6.85 

6.25 

4500. 

7.05 

5338. 

8.00 

6.80 

5187. 

8.55 

6162. 

10.95 

7.05 

5600. 

11,90 

7080. 

16.90 

8.35 

6162. 

15.65 

8000. 

9.10 

6650.  . 

21.35 

9080. 

J  1.25 

7080. 

12.30 

7580. 

14.00 

8000. 

16.15 

8500. 

18.25 

9080. 

-1.85 

9600. 

GFM14 

F 

Flights 

0. 

500. 

1080. 

1600. 

2162. 

2650. 

3080. 

3580. 

4000. 

5080. 

6162. 

7080. 


Tab.2c  -  Concluded 


Tost  GFG1  Test  GFG2  Test  GFG4 


A 

F 

A 

F 

A 

F 

M 

Flights 

mm 

Flights 

MM 

Flights 

13.25 

0. 

13.35 

0. 

13.30 

0. 

14.00 

3981. 

13.95 

3981. 

14.05 

3981. 

14.45 

7961. 

14.45 

7961. 

14.50 

7961. 

14.80 

11942* 

14.90 

11792. 

14.95 

11942. 

15.40 

15922. 

15.30 

15922. 

15.25 

15922. 

15.80 

19903. 

15.85 

23883* 

15.75 

23883. 

15.95 

23883. 

16.45 

31844. 

16.40 

31844. 

16.30 

27864. 

16.90 

39805. 

16.95 

39805. 

16.60 

31844. 

17.40 

47766. 

17.35 

47766. 

17.10 

39805. 

17.85 

55727. 

17.70 

55727 . 

17.75 

47766. 

18.40 

63688. 

18.25 

63688. 

18.20 

55727. 

18.85 

71649. 

18.50 

71649. 

18.75 

63688. 

19.40 

79610. 

19.15 

79710. 

19.30 

71649. 

19.85 

87571. 

19.60 

87571 . 

19.80 

79610. 

20.50 

95532. 

20.20 

95532. 

20.40 

87571 . 

21.00 

103493. 

20.45 

103493. 

20.95 

95532. 

21.65 

111454. 

21.10 

ill 454 . 

21.45 

103493. 

22.05 

119415. 

21.55 

119415. 

22.00 

111454. 

22.75 

127376. 

22.10 

127376. 

22.45 

119763. 

23.10 

135337. 

22.70 

135337. 

23.35 

127376. 

23.70 

143298. 

23.30 

143298. 

23.80 

136101. 

24.25 

151259. 

23.70 

151259. 

24.60 

143298. 

24.90 

159220. 

24.50 

159220. 

25.15 

151259. 

25.45 

167181. 

24.85 

167181. 

25.90 

159220. 

26.20 

175142, 

25.50 

175142. 

26.50 

167181. 

26.75 

183103. 

26.05 

183103. 

27.35 

175142. 

27.45 

191064. 

26.90 

191064. 

27.90 

183103. 

28.05 

199025. 

27.45 

199025. 

28.95 

191064. 

28.85 

206986. 

28.15 

206986. 

29.50 

199025. 

29.50 

214947. 

28,75 

214947. 

30.45 

206986. 

30.40 

222908. 

29.65 

222908. 

31.20 

214947. 

31.15 

231758. 

30.25 

230869. 

32.25 

222908. 

32.05 

238830. 

31.15 

238830. 

33.15 

230869. 

32.90 

246791. 

31,70 

246791. 

34.55 

238830. 

34.00 

254752. 

32.85 

254752. 

35 . 55 

246791. 

34.80 

262713. 

33.45 

262713. 

37.15 

254752. 

36.05 

270674. 

34.70 

270674. 

38.25 

262713. 

37.20 

278635. 

35.60 

278635. 

40.40 

270674 . 

38.85 

286596. 

37.05 

286596 . 

42.30 

278635. 

40.15 

294557. 

37.80 

294557. 

45.70 

286596. 

42.55 

302518. 

39.75 

302518. 

50.40 

294557. 

44.55 

310586. 

41.45 

310479. 

59.70 

302518. 

48.55 

318440. 

44.25 

318440. 

53,05 

326401. 

47.25 

326401. 

64.35 

334362. 

53.75 

334362. 

74.75 

338293. 

Tab. 2d  - 

Results  of 

flat  panels 

tests  under 

Gaussian 

random  spectrum  loading. 
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Test  GF65 


A 

mm 


F 

Flights 


13.20 

13.90 

14.30 
14.80 

15.25 

15.75 

16.30 

16.75 
17.35 

17.75 

18.25 
18.70 

19.25 
19.65 
20.10 

20.50 
20.90 

21.55 

22.00 

22.30 

22.95 

23.50 

24.10 
24.60 

25.45 

25.95 
27.00 
27.40 

28.25 

28.75 

29.75 

30.55 

31.55 
32.20 

33.25 

34.10 

35.30 

36.10 

37.45 
38.60 
40.35 

41.50 
43.80 

45.45 
48.65 

52.50 

62.50 
71.85 


0. 
3981. 
7941. 
11942. 
15922. 
23883. 
31844. 
39805* 
47766. 
55727. 
63688. 
71649. 
79610. 
87571 . 
95532. 
103493. 
111454. 
119415. 
127376. 
135337. 
143298. 
151259. 
159220, 
167181. 
175142. 
183103. 
191064. 
199025. 
206986. 
214947. 
222908 . 
230869. 
238830. 
246791 . 
254752. 
262713. 
270674. 
278635 . 
286596 . 
294557. 
302515. 
310479. 
318440. 
326401 . 
334362. 
342323. 
350284 . 
354265. 


Test  GFG6 


A 

F 

mm 

Flights 

13.24 

0. 

13.85 

3981. 

14.30 

7941. 

14.80 

11942. 

15.30 

15922. 

15.70 

23883. 

16.35 

31844. 

16.80 

39805. 

17.40 

47766. 

17.75 

55727. 

18.25 

63688. 

18.80 

71649. 

19.35 

79610. 

19.80 

87571. 

20.50 

95532. 

20.95 

103493. 

21.45 

111454. 

21.95 

119415. 

22.55 

127376. 

23.00 

135337. 

23.65 

143298. 

24.20 

151259. 

24.95 

159220. 

25.40 

167181. 

26.00 

175142. 

26.55 

183103. 

27.25 

191064. 

27.80 

199025. 

28.65 

206986. 

29.15 

214947. 

29.95 

222908. 

30.80 

230869 . 

31.60 

238830. 

32.25 

246791. 

33.20 

254752. 

33.95 

262713. 

35.30 

270674. 

36.00 

278635. 

37.50 

286596. 

38.60 

294557 . 

40.45 

302515. 

41.80 

310479. 

44.20 

318440. 

46.55 

326401. 

50.75 

334362. 

55.65 

342323. 

60.95 

346304. 

68.45 

350284. 

Test  GFG7 


A 

F 

mm 

Flights 

13.15 

0. 

13.85 

4258. 

14.40 

7961. 

14.75 

11942. 

15.15 

15922. 

15.70 

23883 . 

16.25 

31844. 

16.70 

39805. 

17.40 

47766. 

17.70 

55727. 

18.30 

63688. 

18.85 

71649. 

19.30 

79610. 

19.70 

87571. 

20*30 

95532. 

20.75 

103493. 

21.40 

111454. 

21.90 

119415. 

22.50 

127376. 

23.05 

135337. 

23.85 

143298. 

24.35 

151259. 

25.15 

159220. 

25.65 

167181. 

26.55 

175142. 

27.05 

183103. 

28.10 

191064. 

28.90 

199025. 

29.70 

206986. 

30*60 

214947. 

31.55 

222908. 

32.35 

230869 . 

33*60 

238830. 

34.50 

246791. 

35*80 

254752. 

36.75 

262713. 

38.10 

270674. 

39.00 

278635. 

40.70 

286596. 

41.90 

294557. 

43.80 

302518. 

45.40 

310479. 

48.15 

318440. 

51.45 

326401. 

59.45 

334362. 

Tab. 2d  -  Concluded. 
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Test 

GFI-1 

Test 

GFI-2 

Test 

GFI-3 

A 

N 

A 

N 

A 

N 

mm 

cades 

mm 

cycles 

mm 

cycles 

15.70 

9195. 

20.90 

19735. 

21.35 

9470, 

16.30 

17300. 

21.75 

25150. 

23.00 

24300. 

17.30 

26070. 

22.30 

29980. 

24.90 

39780. 

18.20 

35690. 

23.05 

35555. 

27,85 

57590, 

19.30 

45705. 

23.70 

40820. 

30.20 

72005, 

20.30 

56225. 

24.40 

45470. 

34.65 

95460. 

21.85 

68570. 

25.60 

54765. 

38.70 

115625. 

22.80 

77695. 

26.70 

61555. 

41,75 

128410. 

24.35 

90090. 

27.80 

69225. 

43.00 

133770. 

25.85 

101675. 

29,60 

80600. 

44,35 

139060. 

27.10 

110115. 

31.30 

90945. 

45.75 

144180. 

28.20 

116580. 

33.45 

102360. 

48,95 

153750. 

29.40 

123695. 

35.60 

113265. 

50.10 

159815. 

30.60 

131590. 

37.60 

122725. 

52.95 

169630. 

32.30 

140725. 

39.85 

132310. 

54.25 

174345. 

34.25 

149960. 

41.40 

138200. 

55.70 

179255. 

35.95 

158600. 

43.85 

147405. 

57.05 

183925. 

37.85 

166655. 

46.05 

155070. 

58.00 

187740, 

39.10 

172860. 

48.65 

163740. 

59.00 

191730. 

40.25 

177740. 

51.75 

172715. 

59.90 

195100. 

42.60 

186800. 

53.25 

177860. 

61.55 

204940. 

44.45 

193215. 

55.00 

183415. 

63.40 

208350. 

46.50 

200670. 

56.35 

187305. 

64.95 

214410. 

49.65 

211710. 

58.60 

195290. 

65.95 

218830. 

51.65 

217680. 

60.50 

201910. 

67.05 

223830. 

53.80 

225050. 

61. 45 

207440. 

68.60 

232190. 

55.70 

231650. 

63.60 

214905. 

69.90 

238560. 

57.40 

237210. 

64.95 

220180, 

70.50 

241745. 

59.20 

244715. 

66. 55 

227555. 

71.20 

244300. 

61.20 

252340. 

67,65 

233190. 

71.95 

248165. 

62.90 

260150, 

69.05 

239350. 

73.20 

253300. 

64.95 

267450, 

70.45 

245390. 

74.45 

257365. 

65.90 

273740. 

71.25 

248835. 

75.70 

263745. 

67.35 

280525. 

72,15 

253235. 

76.85 

268385. 

68.60 

287300. 

74,65 

263305. 

78.40 

274530. 

70.15 

294175. 

76,90 

371560. 

80.20 

280675. 

71.60 

300670. 

78,15 

276410. 

81.90 

286785. 

73 . 35 

308910, 

80.70 

283590. 

83.85 

293010. 

74 . 80 

314975. 

81.90 

289715. 

85.25 

297325. 

76.80 

323295. 

83.90 

293770. 

87.40 

303495. 

79.45 

333190. 

86.15 

3021V3. 

89.45 

309155, 

d  1.50 

341055. 

88.05 

307540. 

91.75 

315580. 

04,25 

350465. 

91,50 

316390. 

93.95 

320570. 

87 . 25 

359710. 

93.75 

321835. 

96.10 

325805, 

89.25 

365650 , 

96.30 

328155. 

98.85 

332735. 

91.50 

372025. 

99.20 

333970. 

102,40 

340010. 

93.75 

377715. 

101.80 

339045. 

104.15 

344430. 

95 . 55 

382185. 

105.15 

345160. 

108.55 

351705. 

97.65 

387060. 

109.30 

352550. 

110.20 

354750, 

Tab. 2e 

-  Results 

of  constant 

ampl i tude- 

stiffened  panels 

tests . 
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Test  GFI-4 


Test  GFI-5 


Test 


A 

mm 


20.50 

21.65 

22.90 

24.60 

26.65 
29.25 
32.80 
35.75 

38.45 
41.30 
43.85 

46.20 

46.90 

48.50 

49.60 

50.60 

51.60 
52.70 

54.10 

60.55 

61.45 

61.90 

62.55 

63.65 

64.60 

65.45 

66.50 

67.20 

68.10 

69.20 

70.15 

71.20 

72.15 

73 . 50 

74.15 

75.60 
76.75 
78 . 30 
'9.85 
81.10 

82.15 
83.80 

84.85 

86 . 45 
88.40 

90 . 20 
'■>2 . 00 
93.90 

95 . 85 


N 

A 

cycles 

mm 

5440. 

21.15 

12485. 

22.95 

22390. 

24.90 

37420. 

27.35 

54015. 

30.15 

70430. 

32.85 

92070. 

36.05 

107340. 

38.20 

119930. 

40.05 

132105. 

41.55 

142445. 

43.00 

149140. 

44.65 

153835. 

47.25 

159480. 

48.60 

164600. 

50.20 

169180. 

51.85 

172250. 

53.30 

176870. 

54.25 

181750. 

55.45 

208010. 

56.60 

212205. 

57.65 

215020. 

58.95 

218400. 

59.80 

223735. 

61.85 

228390. 

62.25 

233055. 

63.05 

238275. 

64.25 

242295. 

64.85 

247660. 

65.75 

253325. 

66.65 

257845. 

67.75 

262930. 

68.95 

267790. 

70.30 

273060. 

71.20 

277880. 

72.00 

283685. 

73.05 

289415. 

73.95 

295820. 

75.05 

301335. 

76.20 

307015. 

77.40 

311565. 

78.75 

317490. 

79.80 

321335. 

81.45 

326780. 

82.65 

332990. 

84.70 

338390. 

86.25 

343725. 

90.20 

349230. 

94.00 

354235. 

98.45 

N 

A 

cycles 

mm 

9670. 

20.80 

22755. 

23.10 

37680. 

25.15 

55095. 

28.25 

72080. 

31.05 

86235. 

34.10 

102145. 

37.00 

111705. 

40.75 

119600. 

43.70 

125675. 

46.10 

131065. 

47.25 

136955. 

48.40 

145795. 

49.60 

150770. 

51.00 

155370. 

52.15 

160370. 

53.25 

165140. 

54.80 

168385. 

56.10 

172450. 

57.10 

176535. 

58.15 

180590. 

59.45 

184880. 

60.45 

188950. 

61. 65 

194025. 

62.55 

198045. 

63.55 

201790. 

64.45 

206810. 

65.45 

210185. 

66.45 

214110. 

67.40 

218300. 

68.60 

223525. 

69.55 

229735. 

70.35 

235495. 

71.90 

239535. 

73.05 

243295. 

74.25 

248225. 

75.00 

251640. 

76.35 

256150. 

77,65 

261210. 

78.65 

265900. 

80.40 

270715. 

81.95 

274930. 

84.60 

280290. 

89.25 

285105. 

94.60 

291930. 

100.10 

296945. 

104.30 

308225. 

107.25 

318630. 

113.85 

329445. 

117.60 

GFI-6 

N 

cycles 

6810. 
23000. 
37600. 
57535. 
72360. 
87535. 
100265. 
113255. 
124815. 
132540. 
136225. 
139815. 
143145. 
147500. 
150520. 
153820. 
158270. 
161880. 
165010. 
168175. 
172515. 
175750. 
180020. 
183440. 
187315. 
190775. 
194480. 
198365. 
202145. 
206365. 
210140. 
213295. 
219275. 
222830. 
228030. 
231345. 
234910. 
239535. 
243845. 
248465. 
253015. 
260715. 
273210. 
286265. 
297405. 
305565 . 
311025. 
321895. 
327395. 


Tab.2e  -  Continued. 
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Test 

GFI-7 

Test 

GFI-8 

Test 

A 

N 

A 

N 

A 

mm 

cycles 

mni 

cycles 

mm 

20.95 

8900. 

20.60 

5715. 

21.25 

23.05 

23215. 

22.75 

23760. 

24.15 

25.60 

38935. 

24.80 

38335. 

26 .15 

28.20 

53475. 

27.50 

56035. 

28 . 95 

30.95 

67420. 

30.80 

75980. 

30 . 85 

33.75 

80310. 

32.60 

84255. 

32.10 

36 . 85 

92830. 

34.75 

94045. 

33.20 

39 . 80 

103445. 

37.10 

103890. 

34.20 

41.90 

110410. 

38.70 

109915. 

35.35 

43.35 

114975. 

40.40 

116160. 

36.80 

44.30 

117765. 

41.20 

119340. 

38.10 

45.90 

122595, 

42.05 

122355. 

39.40 

47.10 

126530. 

43.05 

125775. 

40  •  45 

48.30 

129910. 

43.95 

129015. 

42.75 

49.65 

133480. 

45.40 

133350. 

44 .15 

51.35 

138355. 

46.55 

136835. 

45.60 

52.95 

142790. 

47.50 

139865. 

47 . 35 

54.65 

147325. 

49.55 

145555. 

48  *  35 

56.00 

151300. 

51.50 

151340. 

49.70 

57.10 

154960. 

53.45 

156885. 

51.25 

58.10 

158595. 

55.05 

161635. 

52.80 

59.10 

162095. 

56.65 

166650. 

54.25 

60.05 

165550. 

57.95 

170750. 

56 . 60 

61.40 

171005. 

59.75 

177020. 

56 . 95 

62.30 

175285. 

60.75 

180865. 

58.25 

63.45 

180140. 

62.05 

185545. 

59 . 45 

64.50 

185280. 

62.90 

189410. 

60.50 

65.50 

189995. 

64.00 

193890. 

61.80 

66.85 

195555. 

65.05 

198660. 

62.80 

67.90 

200470. 

65.90 

202395. 

63 . 75 

69.10 

205825. 

67.05 

207275. 

64.80 

70.10 

210610. 

68.25 

212890. 

65.70 

71.25 

215295. 

69.45 

218010. 

66  *  70 

72.30 

220090. 

70.85 

224310. 

67.80 

73.30 

224100. 

71.90 

228670. 

68.90 

74.30 

228315. 

73.00 

234045. 

70.00 

75.45 

232680. 

74.30 

238860. 

71.10 

76 . 70 

237410. 

75.50 

243665. 

72  ♦  25 

78.00 

242075. 

76.90 

248535. 

73 . 80 

79.15 

246210. 

77.95 

253110. 

75.20 

80.50 

250825. 

79.45 

258430. 

76 . 50 

81.90 

254875. 

80.60 

262095. 

77.95 

83.60 

260515. 

82.40 

267665. 

79.50 

85.25 

265510. 

83 , 75 

272250. 

80.95 

86.85 

270285. 

85.15 

276430. 

82.45 

88.25 

273885. 

86.30 

279840. 

83.90 

89.60 

277510. 

89.55 

288230. 

87  ♦  25 

93,40 

287300. 

92.70 

296495. 

91.80 

97 . 40 

296815. 

97.65 

308045. 

97.30 

Tab.2e  -  Continued. 


GFI-9 

N 

cycles 

12940. 

36015. 

51680. 

67950. 

78155. 

84810. 

89635. 

95760. 

100105. 

105520. 

111800. 

115580. 

119745. 

127885. 

132970. 

137585. 

143060. 

146035. 

150305. 

154920. 

159260. 

163805. 

167500. 

171650. 

175875. 

180350. 

184185. 

188525. 

192775. 

196885. 

201015. 

204550. 

209135. 

213800. 

218720. 

223050. 

227480. 

232220. 

238710. 

243495. 

248405. 

253505. 

258075. 

262855. 

267380. 

271725. 

280910. 

291785. 

303760. 
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Test  GFI-10 


A 

N 

mm 

cycles 

21  .00 

8960. 

23.35 

23205. 

26.15 

38620. 

27.35 

44975. 

28.60 

51550. 

30.15 

58555. 

31.45 

63890. 

32.50 

68390. 

33.75 

72500. 

35.55 

79780. 

37.65 

86220. 

40.45 

94785. 

41.65 

98610. 

43.50 

103385. 

44.80 

107290. 

46.30 

111460. 

47.60 

114670. 

49.00 

1 1 8480 . 

50 . 70 

122380. 

51.90 

125440. 

53.40 

129170, 

54.80 

132570. 

56.20 

136930, 

57.30 

139950. 

60.00 

145370. 

61.40 

150850. 

62.80 

155130. 

64.00 

158660. 

65.30 

163540. 

66.30 

167220. 

67.40 

171430. 

68 , 50 

175070. 

69.70 

179370. 

70.90 

184210. 

72.20 

188260. 

73.10 

191950. 

74.40 

195670. 

75.60 

199560. 

76.40 

202960. 

77,50 

206060. 

78.80 

209520. 

80.10 

214140. 

81.50 

217750. 

83.00 

221790. 

84.20 

225420. 

87.70 

234210. 

89.70 

239240. 

92.80 

244230, 

96 . 00 

255210. 

98.80 

260700 .. 

Tab.2e  -  Concluded 


Test  OFF  1-1 


est  GFF2-I 


Test  GFF3-I 


A 

F 

* 

F 

A 

F 

mm 

Flights 

mm 

Flights 

Flights 

11.30 

0. 

11.15 

0. 

11.15 

0. 

11. AS 

50. 

11.85 

50. 

11.80 

55. 

11.75 

100. 

12.05 

100. 

12.10 

108. 

11.95 

150. 

12.35 

150. 

12.30 

154. 

12.45 

200. 

12.55 

200. 

12.70 

200. 

12.70 

300. 

13.00 

300. 

13.05 

300. 

13.00 

400. 

13.35 

400. 

13.35 

400. 

13.40 

500. 

14.05 

600. 

13.85 

600. 

13.75 

600. 

14.40 

800. 

14.20 

800. 

14.15 

700. 

14.60 

900. 

15.00 

1000. 

14.35 

800. 

14.80 

1000. 

15.55 

1200. 

14.55 

900. 

15.30 

1200. 

16.05 

1400. 

14.90 

1000. 

15.70 

1400. 

16.45 

1600. 

15.10 

1100. 

16.15 

1600. 

16.85 

1800. 

15.35 

1200. 

16.70 

1800. 

17.20 

2000. 

15.60 

1300. 

17.05 

2000. 

17.65 

2200. 

15.80 

1400. 

17.30 

2200. 

17.95 

2400. 

16.30 

1600. 

17.85 

2400. 

18.35 

2600. 

16.85 

1800. 

18.30 

2600. 

18.85 

2800. 

17.15 

2000. 

18.75 

2800. 

19.45 

3000. 

17.70 

2200. 

19.25 

3000. 

19.55 

3200. 

18.10 

2400. 

19.70 

3200. 

20.20 

3400. 

18.70 

2600. 

20.20 

3400. 

20.60 

3600. 

18.95 

2800. 

20.90 

3600. 

21.25 

3800. 

19.55 

3000. 

21.40 

3800. 

21.80 

4000. 

20.25 

3200. 

22.20 

4000. 

22.40 

4200. 

20.85 

3400. 

22.85 

4200. 

22.70 

4400. 

21.30 

3600. 

23.55 

4400. 

23.30 

4600. 

21.70 

3800. 

24.30 

4600. 

23.75 

4800. 

22.65 

4000. 

25.10 

4800. 

24.25 

5000. 

23.30 

4200. 

25.90 

5000. 

25.00 

5200. 

24.15 

4400. 

26.75 

5200. 

25.65 

5400. 

25.00 

4600. 

27.75 

5400. 

26.40 

5600. 

25.80 

4800. 

28.85 

5600. 

27.00 

5800. 

26.70 

5000. 

30.05 

5800. 

27.75 

6000. 

27.70 

5200. 

31.40 

6000. 

28.30 

6200. 

28.90 

5400. 

32.80 

6200. 

29.20 

6400. 

30.05 

5600. 

34.60 

6400. 

30.00 

6600. 

31.90 

5800. 

36.60 

6600. 

30.90 

6800. 

33 . 95 

6000. 

39.00 

6800. 

31.85 

7000. 

35.85 

6200. 

41.95 

7000. 

32.80 

7200. 

39.65 

6400. 

45.65 

7200. 

34 , 25 

7400. 

44.15 

6600  • 

50.40 

7400. 

36.00 

7600. 

50.35 

6800. 

54.85 

7600. 

37 . 80 

7900. 

56.05 

7000. 

58.25 

7800. 

40.30 

8000. 

59 . 95 

7200. 

60.60 

8000. 

44.10 

8200. 

62,70 

7400. 

62.60 

8200. 

48.65 

8400. 

65.55 

7600. 

64.45 

8400. 

53.70 

8600. 

69.80 

7800. 

66.50 

8600. 

58.80 

8800. 

67.70 

8700. 

60.30 

8827. 

Tab. 2f 

-  Results 

of  variable 

amp! i tude- 

stiffened  | 

Dane! s 

tes 
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i 


Test  GFF4-I  Test 


A 

F 

A 

mm 

Flights 

•R 

11.20 

0. 

11.15 

11.85 

50. 

11.90 

12.10 

100. 

12.10 

12.35 

150. 

12.55 

12.75 

200. 

13.00 

13.10 

300. 

13.20 

13.45 

400. 

13.60 

14.05 

600. 

14.25 

14.55 

800. 

14.80 

15.20 

1000. 

15.45 

15.60 

1200. 

15.85 

16.05 

1400. 

16.40 

16.45 

1600. 

16.80 

16.85 

1800. 

17.25 

17.30 

2000. 

17.65 

17.65 

2200. 

18.20 

18.15 

2400. 

18.70 

18.60 

2600. 

19.15 

19.05 

2800. 

19.65 

19.35 

3000. 

20.20 

19.85 

3200. 

20.65 

20.35 

3400. 

21.20 

20.85 

3600. 

21.85 

21.30 

3800. 

22.50 

21.85 

4000. 

23.00 

22.40 

4200. 

23.60 

22.75 

4400. 

24,25 

23.35 

4600. 

24.80 

24.05 

4800. 

25.60 

24.65 

5000. 

26.10 

25.30 

5200, 

26.90 

25.90 

5400. 

27.40 

26.55 

5600. 

28,00 

27.40 

5800. 

28,70 

28.20 

6000. 

29.30 

29.10 

6200. 

30.30 

30.00 

6400. 

31.40 

31.25 

6600. 

32.80 

32.25 

6800. 

34.60 

33.70 

7000. 

36.70 

35.20 

7200. 

39.05 

37.20 

7400. 

42.70 

39.85 

7600. 

46.60 

43.30 

7800. 

51.90 

47.50 

8000. 

56.20 

52.25 

8200. 

60.05 

56.30 

8400. 

61.70 

59.25 

8600. 

64.35 

75.30 

GFF5-I 

Test 

GFF6-I 

F 

A 

F 

Flights 

OUR 

Flights 

0. 

11.05 

0. 

50. 

11.75 

51 . 

110. 

11.85 

116. 

162. 

12.20 

150. 

200. 

12.55 

200. 

300 

12.85 

300. 

400. 

13.25 

400. 

600. 

13.85 

600. 

800. 

14.35 

800. 

1000. 

14.85 

1000. 

1200. 

15.40 

1200. 

1400. 

15.90 

1400. 

1600. 

16.30 

1600. 

1800. 

16.80 

1800. 

2000. 

17.10 

2000. 

2200. 

17.60 

2200. 

2400. 

17.90 

2400. 

2600. 

18.30 

2600. 

2800, 

18.75 

2800. 

3000. 

19.05 

3000. 

3200. 

19.55 

3200. 

3400. 

20.15 

3400. 

3600. 

20.55 

3600. 

3800. 

21.00 

3800. 

4000. 

21.55 

4000. 

4200. 

22.15 

4200. 

4400. 

22.35 

4400. 

4600. 

22.65 

4600. 

4800. 

23.55 

4800. 

5000. 

23.85 

5000. 

5200. 

24.25 

5200. 

5400. 

24.90 

5400. 

5600. 

25.40 

5600. 

5800. 

25.75 

5300. 

6000. 

26.35 

6000. 

6200. 

27.20 

6200. 

6400. 

27.95 

6400. 

6600. 

28.75 

6600. 

6800. 

29.45 

6800. 

7000. 

30.40 

7000. 

7200. 

31.40 

7200. 

7400. 

32.70 

7400. 

7600. 

34.15 

7600. 

7800. 

35.80 

7800. 

8000. 

37.85 

8000. 

8200. 

40.40 

8200. 

8235. 

43.85 

8400. 

8300. 

48.60 

8600. 

8400, 

53.55 

8800. 

57.15 

9000. 

T«b.2f  -  Continued. 


Test  GFM4-I 


Test  GFM5-I 


Test  ur no- i 


A 

»» 

26.  JO 

29.55 

31.15 

33.10 
33. 05 

34.55 

35.60 

36.45 

37.25 

38.80 

40.65 

41.15 

42.20 

43.60 

44.20 
46.00 

47.25 

47.90 
48.30 

49.60 
50  60 

51.20 

52.55 

53.45 
54.35 

54.95 
56.00 

56.65 

57.10 

57.80 

58.25 

58.90 

59.20 

59.80 
60.00 
60.50 

60.90 

61.10 

61. 65 

61.95 


F 

A 

lishts 

0. 

26.10 

501. 

29.20 

1124. 

30.45 

1665. 

31.35 

2290, 

32.90 

2675. 

33.65 

4000. 

35.15 

5080. 

35.50 

6162. 

36.25 

8021. 

37.60 

39.00 

10285. 

39.70 

11087. 

39.90 

12000. 

41.20 

14162. 

42.50 

15087. 

43.20 

16000. 

43.65 

17080. 

44.85 

18162. 

45.95 

19087. 

46.50 

20000. 

47.00 

22162. 

48.15 

23087. 

49.35 

24000. 

49.85 

25080. 

50.20 

26162. 

51.10 

27087. 

52.25 

29080. 

52.95 

30162. 

53.30 

31087. 

53.90 

33080. 

54.90 

35087. 

55.05 

37080. 

55.35 

39087. 

56.15 

42162. 

56.95 

43087. 

57.15 

46162. 

57.60 

49080. 

58.10 

52000 . 

58.85 

59.25 

59.95 
60.20 

60.45 
61.00 

61.45 

61.95 
62.40 
62.55 

F 

A 

lishts 

me 

0. 

26.10 

501. 

29.40 

1080. 

31.40 

1600. 

33.05 

2162. 

34.60 

2675. 

35.40 

3087. 

37.10 

3578. 

38.90 

4102. 

40.20 

5093. 

41.75 

6162. 

42.85 

7174. 

44.30 

8000. 

45.95 

9080. 

46.70 

10162. 

48.05 

11087. 

49.20 

12000. 

49.55 

13080. 

51.00 

14162. 

51.85 

15087. 

53.00 

16000. 

53.75 

17080. 

54.00 

18162. 

54.45 

19087. 

55.25 

20000. 

55.55 

21107. 

55.85 

22162. 

56.10 

23087. 

56.65 

24000. 

56.90 

25080. 

57.00 

26162. 

57.85 

27087. 

58.30 

28000. 

58.45 

29080. 

58.70 

30162. 

31087. 

32000. 

33080. 

34221. 

35087. 

36000. 

39087. 

40000. 

41080. 

42162. 

44000. 

46162. 

48000. 

50162. 

F 

FI iahts 

0. 

501  . 

1600. 

2162. 

3087. 

4000. 

6162. 

8000. 
10162. 
12000. 
14162. 
16000, 
18162, 
20000 , 
22162, 
23137, 
24000, 
26162, 
28000 , 
30162 
31087 
32000 
33080 
34162 
35087 
36000 
37080 
38162 
39087 
40000 
42739 
43087 
46162 
48000 
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T«»t  GFM7-I 


A 

F 

Ml 

Flights 

24*10 

0. 

29.45 

501. 

31.25 

1193. 

33.20 

1722. 

34.70 

2475. 

35.95 

3087. 

34.85 

4000. 

38.85 

4142. 

40.25 

7087. 

41.25 

9080. 

42.20 

10334. 

43.55 

11087. 

44.15 

12040. 

45.75 

14142. 

44.90 

15087. 

47.45 

14148. 

48.70 

18142. 

49.70 

19087. 

50.35 

21080. 

51.25 

22142* 

52.40 

23087. 

52.95 

25080. 

53.40 

24142. 

54.50 

27087. 

55.05 

29080. 

55.50 

30142. 

54.00 

31087. 

54*30 

33080. 

54.90 

34142. 

57.50 

35087. 

57.75 

37080, 

58.05 

38142. 

58.30 

39087 

58.80 

42142 

59.30 

43087 

59.75 

44142 

40.05 

48000 

40.40 

50142 

40.90 

51087 

Test 

GFHB-I 

A 

F 

M 

Flights 

25.95 

0. 

29.45 

501. 

31.90 

1400. 

33.45 

2142. 

34.30 

2475. 

35.30 

3087. 

34.15 

4000. 

34.85 

5080. 

37.85 

4142. 

39.55 

7087. 

40*55 

9080. 

41.75 

10142. 

42.90 

11087. 

43.55 

12000. 

44.00 

13080. 

44.85 

14142. 

44.35 

15087. 

47.05 

17080. 

47.80 

18142. 

49.10 

19087, 

49.95 

21080. 

50.80 

22142 

51.85 

23087 

52.05 

24000 

52.90 

24142 

53.75 

27087 

54.50 

29080 

54.90 

30142 

55.75 

32000 

54.30 

34142 

57.10 

34000 

57.70 

38142 

58.00 

39087 

58.50 

41080 

59.15 

43087 

Tab. 2f  -  Continued. 


Test  GFGl-l 


Test  GFG2-I 


Test  GFG3-1 


A 

F 

m» 

Flights 

14.00 

0. 

15.50 

15922. 

16.55 

31844. 

17. 35 

47766. 

18.15 

63688. 

19.05 

79610. 

19.8o 

95532. 

20 . 50 

111454. 

21.40 

127376. 

22.60 

143298. 

23.40 

159220. 

24.55 

175142. 

25.00 

183103. 

25,65 

191064. 

26.45 

201435. 

27.10 

207761. 

27.65 

214947. 

28.40 

222908. 

29.10 

231144. 

30.05 

238830. 

30.90 

246791. 

32.05 

254752, 

32.95 

262713. 

34.25 

270674. 

35,35 

278635. 

37.15 

286596 . 

38.55 

294557. 

40.75 

302518. 

42.65 

310479, 

45.50 

318440. 

48,20 

326401 . 

51.75 

334362. 

55.30 

342323. 

56.60 

350284 . 

57.75 

358245. 

58.95 

366206. 

59.75 

374167. 

60.50 

382128. 

61.30 

390089. 

61.90 

398050. 

62.90 

406011 . 

63.00 

413972. 

63 . 70 

421933. 

64.35 

429894. 

65.00 

437855. 

65.55 

445816. 

66.35 

453777. 

67.25 

461738. 

6  7.85 

469699. 

68 . 70 

477660. 

A 

F 

mm 

Flights 

13.20 

0. 

15.10 

15922. 

16.00 

31844. 

17.00 

47766. 

17.65 

63688. 

18.45 

79610. 

19.20 

95532. 

20.00 

111454. 

20.90 

127376. 

21.75 

143298. 

23.00 

159220. 

23.55 

175142. 

24.60 

191064. 

25.35 

206986. 

26.35 

222908. 

27.00 

230869. 

27.70 

238830. 

28.10 

246791. 

28.40 

254752. 

29.65 

262713. 

30.05 

270674. 

30.35 

278635. 

30.75 

286596. 

31.45 

294556. 

32.25 

302518. 

32.70 

310479. 

33.60 

318440. 

34.10 

326401. 

34.90 

334362. 

35.40 

342323. 

36.35 

350284. 

37.15 

358245. 

38.00 

366206. 

38.80 

374167. 

39.60 

382128. 

40.50 

390089. 

41.35 

398050. 

42.25 

406011 . 

43.20 

413972. 

44.10 

421933. 

45.20 

429894. 

46.25 

437855. 

47.40 

445816. 

48.45 

453777. 

50.05 

461738. 

51.25 

469699. 

52.80 

477660. 

53.85 

485621 . 

54.95 

493582. 

56.40 

509504, 

A 

F 

mm 

FI ishts 

13.15 

0. 

14.90 

15922. 

16.20 

31844. 

17.15 

47766. 

18.00 

63688. 

18.90 

79610. 

19.70 

95532. 

20.55 

111454. 

21.50 

127376. 

22.00 

135337. 

22.55 

143298. 

23.00 

151259. 

23.55 

159220. 

23.95 

167181 . 

24.50 

175142. 

25.10 

183103. 

25.60 

191064. 

26.20 

199025. 

26.75 

206986. 

27.40 

214947. 

27.85 

222908. 

28.25 

230869. 

29.00 

238830. 

29.70 

246791 . 

30.45 

254752. 

31.05 

262713. 

31.65 

270674. 

32.40 

278635. 

33.10 

286596. 

33.85 

294557. 

34.70 

302518. 

35.50 

310478. 

36.30 

318440. 

37.05 

326401 . 

37.90 

334362. 

38.80 

342323. 

40.05 

350284. 

40.90 

358245. 

42.15 

366206. 

43.20 

374167. 

44.65 

382128. 

46.00 

390089. 

48.00 

398050. 

49.70 

406011 . 

52.25 

413972. 

54.15 

421933. 

56.10 

429894. 

5  7.25 

43 7855. 

<£2.80 

45^7  ’’7 . 
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Teat  GFG4-I 


A 

F 

mm 

Flights 

13.10 

0. 

15.10 

15922. 

15.95 

31844. 

16.70 

47766. 

17.70 

63688. 

18.25 

79610. 

18.90 

95532. 

19.75 

111454. 

20.50 

127376. 

21.15 

143298. 

22.10 

159220. 

22.95 

175142. 

23.65 

191064. 

24 . 20 

199025. 

24.60 

206986 . 

25.05 

214947. 

25.35 

222908. 

25.90 

230869 . 

26.35 

238830. 

26.70 

246791 . 

27.20 

254752. 

27.60 

262713. 

28.10 

270674. 

28.40 

278635. 

29.15 

286596 . 

29.55 

294557. 

30.10 

302518. 

30.65 

310478. 

31.20 

318440. 

31.70 

326401 , 

32.45 

334362. 

32.95 

342329. 

33.85 

350284, 

34.65 

358245, 

35.15 

366206 , 

36.20 

374166, 

37.10 

382128, 

37.90 

390089 

38.93 

398050 

39.85 

406011 

41.03 

413972 

42.05 

421933 

43.75 

429894 

45.25 

437855 

47.65 

445816 

49.50 

453777 

52.10 

461738 

53 . 90 

469699 

55 . 95 

477660 

57.05 

485621 

Test  GFG5-I 


A 

F 

mm 

Fliahts 

13.25 

0. 

14.45 

7961. 

15.50 

15922. 

16.15 

31844. 

17.15 

47766. 

17.90 

63688. 

18.70 

79610. 

19.20 

87571. 

19.65 

95532. 

19.90 

103493. 

20.55 

111454. 

20.95 

119415. 

21.25 

127376. 

21.95 

135337. 

22.60 

143298. 

23.00 

151259. 

23.50 

159220. 

23.95 

167181 . 

24.60 

175142. 

25.70 

191064. 

26.25 

199025. 

27.05 

206986. 

27.55 

214947. 

28.25 

222908 . 

28.85 

230896. 

29.65 

238830. 

30.25 

246791. 

31.00 

254752. 

31.75 

262713. 

32.60 

270674, 

33.25 

278635. 

34.10 

286596. 

34.75 

294557 , 

35.75 

302518. 

36.50 

310479. 

37.40 

318440. 

38.20 

326401 , 

39,30 

334408. 

40.25 

342323. 

41.40 

350284, 

42.45 

358246. 

43.95 

366208. 

45.20 

374167, 

47,25 

382172, 

48.85 

390089, 

51.10 

398050, 

52.75 

406011 , 

54.25 

414071 , 

55.60 

421933, 

58.65 

429894, 

Test  GFG6-I 


A 

F 

mm 

F  1  lShts 

13.40 

0. 

13.95 

3981 . 

14.50 

7961 . 

14.80 

11942. 

15.30 

15922. 

15.90 

23883. 

16.45 

31844. 

16.95 

39805. 

17.35 

47766. 

17.80 

55727. 

18.35 

63688. 

18.70 

71979. 

19.15 

79610. 

19.80 

87571 . 

20.20 

95703. 

20.65 

103493. 

21.10 

111454. 

21.50 

119512. 

22.00 

127376. 

22.55 

135337. 

23.30 

143298. 

23.85 

151259. 

24.65 

159220. 

25.10 

167181. 

25.75 

175142. 

26.30 

183103. 

26.90 

191064. 

27.45 

199025. 

28.20 

206986. 

28.80 

2J4947. 

29.60 

222908, 

30.25 

230869, 

31.05 

238830, 

31.70 

246791 , 

32.65 

254752, 

33.30 

262713. 

34.30 

270674, 

35.05 

278635 

36.20 

286596 

37.15 

294557 

38.25 

302518 

39.20 

310479 

40.15 

318440 

41.45 

326401 

42.90 

334362 

44.05 

342323 

45.85 

350284 

47.20 

358245 

49.35 

366206 

51.05 

374167 

Tab.2f  -  Continued. 
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Test  6FG7-I 


A 

F 

mm 

Flights 

13.20 

0. 

13.90 

3981. 

14.40 

7961. 

14.80 

11942. 

15.15 

15922. 

15.70 

23883. 

16 . 35 

31844. 

17.20 

47766. 

18.15 

63688. 

19.15 

79861 . 

20.00 

95532. 

20.95 

111454. 

22.10 

127376. 

22.90 

143298. 

24.00 

159220. 

25.35 

175142. 

26.50 

191064. 

28.10 

206986. 

29.40 

222908. 

31.65 

238830. 

33.55 

254752. 

35.50 

270674. 

36.50 

278635. 

37.75 

286596. 

38.75 

294557. 

40.25 

302518. 

41.25 

310479. 

42.95 

318440. 

44.10 

326401 . 

45.80 

334362. 

49.60 

350284. 

53.65 

366206. 

56.65 

382128. 

58.50 

398050. 

60.00 

413972. 

63.15 

429894. 

69.30 

437855. 

78.75 

445816. 

Tab.2f  -  Concluded. 


TEST 


no 


s 


y 


SR 


GFF5 

36.5 

47.9 

GFF6 

36.9 

47.9 

GFF4 

36.5 

48.5 

GFF2 

36.1 

48.5 

GFF1 

36.9 

48.2 

GFF9 

36.2 

49.2 

GFF10 

36.6 

49.2 

GFF11 

36.6 

49.2 

GFF12 

37.7 

49.2 

GFF13 

36.9 

49.2 

GFG6 

37.2 

49.5 

GFG5 

36.5 

49.8 

GFG4 

37.2 

48.8 

GFG2 

35.6 

48.8 

GFG1 

36.9 

49.2 

GFG7 

35.9 

48.8 

Sy=  yield  stress  (Kg/mm2) 

Sr=  tensile  strength  (Kg/mm2) 


Tab.2g  -  Some  mechanical  properties  of 
a  few  flat  panels  utilized  in 
the  tests. 


